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ABSTRACT 
The aim of this study was an exploration of the relationship between the use of an 
Integrated Learning System (ILS), entitled Master Maths, as a supplement to 
traditional mathematics instruction, and mathematics achievement as measured by 
the Paper 2 marks of the National Mathematics Examinations for standard grade 
learners in grade 12.  
 
The use of technology in education has increased over the past decade. One way of 
integrating technology into instructional programmes has been through the use of 
Integrated Learning Systems (ILSs). The review of the literature traces the history of 
computer-assisted instruction as conducted on ILSs. The review of recent research 
studies focuses on the impact of ILSs on learner achievement in mathematics 
internationally and in the South African context.  
 
This study used quantitative and qualitative methods to research the impact of the 
Master Maths programme on mathematics achievement. Twenty-six learners of the 
133 standard grade learners from one high school in New Brighton, Port Elizabeth 
were selected for each of the experimental and control groups. The experimental 
group worked on the Master Maths programme for twelve sessions of three hours 
each. The results of the quantitative analysis show that the intervention did not make 
a significant difference to the experimental group. The Master Maths programme led 
to only a 0.56% increase in the marks of the experimental group.  
 
The qualitative analysis drew a comparison between the modules of the Master 
Maths programme and the relevant examination questions in terms of content 
covered and cognitive levels. The researcher used Bloom’s Cognitive Taxonomy to 
evaluate the cognitive levels. The data show that it was easier for the learners to 
obtain higher marks in the module tests than in the examination questions. The data 
indicate that the module tests were easier than the examination questions in that the 
cognitive levels of the module tests were lower. The data confirm that there is a gap 
between the acquisition and evaluation of core skills tested by the modules used in 
the intervention and the wider knowledge and skills tested in the examination. 
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CHAPTER 1 
INTRODUCTION TO THE RESEARCH 
 
1.1 INTRODUCTION 
 
Mathematics education has undergone great changes in the past decade. Technology has 
been an integral part of this reform process (McCoy, 1996:438). In South Africa the 
implementation of the new curriculum will necessarily lead to technology being 
incorporated into the new school system to meet the challenges of the 21st century 
(Department of Education, 2000:12). This study will focus on Computer Aided Instruction  
(henceforth referred to as CAI) as one of the possible ways of making mathematics 
teaching and learning more effective. This study will determine whether an Integrated 
Learning System (henceforth referred to as ILS), entitled Master Maths, as a supplement to 
traditional mathematics instruction, had an effect on the raw marks of Paper 2 of the 
National Mathematics Standard Grade examination of grade 12 learners. 
 
This chapter will describe the problem area identified concentrating on African learners. 
The plans devised by the National Department of Education to alleviate the crisis in 
mathematics education will follow. Then the purpose of this study, the research questions, 
sub-focuses, aim and significance will be discussed. Finally this chapter will give the 
demarcation of the research, the relevant definitions and structure of this thesis. 
 
1.2 DESCRIPTION OF THE PROBLEM AREA 
 
Insufficient numbers of South African learners take mathematics up to grade 12 level and 
the majority under-performed (Howie, 2003:292). 
 
The Department of Education (2001:8) validated the low pass rate in mathematics in grade 
12 in South Africa. In 1999 only 18% of the total population of 511 000 passed 
mathematics and in 2000 only 20.1% passed out of a population of 489 900.  The 
Department of Education (2002, Annexure B, Table 6) confirmed this trend with the 
figures for 2001 and 2002 (See Table 1.1 on the next page): 
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Table 1.1: National enrolment statistics and pass rate for mathematics (1999-2002) 
 
Total 
number of 
Candidates  
(x1000) 
Level 1999 
 
511.0 
2000 
 
489.9 
2001 
 
449.3 
2002 
 
443.8 
  Wrote Pass % Wrote Pass % Wrote Pass % Wrote Pass % 
Mathematics HG 50.1 19.9 3.9 38.5 19.3 3.9 34.8 19.5 4.3 35.5 20.5 4.6 
Mathematics SG 231.2 72.2 14.1 254.5 79.6 16.2 229.1 72.3 16.1 225.5 96.3 21.7 
Total    18.0   20.1   20.4   26.3 
 
Despite the 8.3% increase from 18% in 1999 to 26.3% in 2002 of learners passing grade 12 
mathematics, the performance still remains unsatisfactory, because only one out of every 
four grade 12 learners leaves school with a pass in mathematics. 
 
Of these low numbers, the number of African candidates who participate and succeed is 
disturbingly low. An analysis of the 2000 Senior Certificate results, in Table 1.2 below, 
indicated that out of a total population of 489 900 candidates only 20 243 African 
candidates wrote Mathematics Higher Grade. Of these only 3 128 passed representing 
0.64% of the total population of 489 900. Of the 180 202 standard grade learners only  
41 540 passed representing 8.47% of the total population. By looking at the totals for 
higher grade and standard grade in Table 1.2 only 22.3% of African school leavers passed 
mathematics (Department of Education, 2001:12). See table 1.2 below: 
 
Table 1.2: Provincial enrolment statistics and number of passes for African 
mathematics learners in 2000 
  
Mathematics HG Mathematics SG Province 
Candidates Pass Candidates  Pass 
Western Cape 78 21 3889 662 
Northern Cape 12 9 671 218 
Free State 471 115 12066 2454 
Eastern Cape 362 113 36736 11101 
KZN 5772 746 40367 10309 
Mpumalanga 1381 159 16451 3235 
Northern Province 7780 1041 36884 5683 
Gauteng 812 329 20497 5478 
North West Province 3575 595 12644 2200 
Totals 20243 3128 180202 41540 
 
The situation in the Eastern Cape Province in 2000 for African learners is as follows: Of 
the 1 440 higher grade candidates who wrote the examination only 362 were African of 
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whom only 113 (7.85%) passed Mathematics Higher Grade. Of the 41 307 standard grade 
candidates 36 736 were African of whom 11 101 (26.87%) passed mathematics  
(Department of Education, 2000, Annexure B, Table 10). The total number of candidates 
who wrote the examination in 2000 in the Eastern Cape was 74 563 (Department of 
Education, 2000, Annexure A, Graph 5). The African higher grade candidates who passed 
mathematics represent 0.15% and the African standard grade candidates who passed 
mathematics represent 14.9% of the population in the Eastern Cape. Thus, in the Eastern 
Cape only one out of every seven African grade 12 learners leaves school with a pass in 
mathematics. 
 
 
1.3 THRUSTS OF THE NATIONAL STRATEGY 
 
In an attempt to alleviate the “crisis” in mathematics education a National Strategy was 
compiled and revolves around three thrusts: firstly, to increase the participation and 
performance by historically disadvantaged learners in Senior Certificate Mathematics; 
secondly, to provide high-quality mathematics education for all learners; and thirdly, to 
increase and enhance the human resource capacity to deliver quality mathematics education 
(Department of Education, 2001:14). 
 
The purpose of this study was to attempt to alleviate the crisis in mathematics by fulfilling 
some of the indicators of the National Strategy in the following ways:  
• by working with historically disadvantaged learners in grade 12 mathematics to 
research ways to improve learner achievement;  
• by determining what relevant learning and teaching material are available in the 
field of CAI;  
• by determining whether CAI can be implemented in an effective manner to 
improve mathematics results;  
• by getting the private sector to contribute by making available the resources in the 
form of a software programme;   
• by getting an ex-model C school to make available its facilities i.e. the computer 
laboratory, mini busses and well-trained mathematics teachers;  
• by using a South African designed ILS to improve grade 12 mathematics results;  
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• by describing  the intervention as a case study of one particular historically 
disadvantaged school, in New Brighton in the Nelson Mandela Metropolitan area. 
 
 
1.4 THE AIM OF THIS STUDY 
 
The aim of this study was an exploration of the relationship between the use of an ILS, as a 
supplement to traditional mathematics instruction, and mathematics achievement as 
measured by end-of-year school leaving examinations in grade 12.  
 
1.5 PROBLEM QUESTION 
 
What is the impact of ILS usage on the raw marks of Mathematics Standard Grade Paper 2 
learners in grade 12? This problem question led to the following sub-questions: 
 
1.6 SUB-QUESTIONS 
 
Sub-question 1 
How did the results of the experimental and control groups of the pilot study of 2002 
compare to the experimental and control groups of 2003? 
 
Sub-question 2 
How did the related modules in the ILS compare with the questions in the examination 
paper in terms of content covered? 
 
Sub-question 3 
How did the module tests compare to the relevant examination questions in terms of 
cognitive levels? 
 
1.7 HYPOTHESIS 
 
There is no significant difference between the experimental group and the control group 
after the experimental group was subjected to the ILS intervention.  
The research questions lead to the formulation of the following sub-focuses: 
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1.8 SUB-FOCUSES 
 
The following sub-focuses were identified to elicit clarity and completeness: 
 
1.8.1 Which items of the self-report questionnaire could be correlated with mathematics 
achievement as measured by end-of-year school leaving examinations in grade 12? 
 
1.8.2 Can prior achievement in English language as measured by the June results of the 
same year be correlated with a learner’s performance in mathematics, with more proficient 
English learners achieving higher mathematics scores? 
 
1.8.3 Can prior achievement in mathematics as measured by the June results of the same 
year be correlated with a learner’s performance in mathematics, with more proficient 
mathematics learners achieving higher mathematics scores? 
 
1.8.4 Can age, gender and time spent on the ILS be correlated with a learner’s 
performance in mathematics? 
 
1.9 REVIEW OF THE METHODOLOGY USED IN THE RESEARCH 
 
In this study the researcher views research as providing a method of obtaining answers to 
unresolved problems by studying the facts within the parameters of the scientific method. 
The purposeful, precise and systemic search of the scientific method has as its primary goal 
the discovery of new facts. The new facts could add new knowledge, skills, attitudes and 
values to the existing body of knowledge or it could re-interpret existing knowledge. This 
study proposes to contribute information about description and improvement in educational 
practice by analyzing the effectiveness of an intervention by an ILS. 
 
It is the researcher’s ontological perspective that both quantitative and qualitative research 
methods contribute to the body of knowledge in educational research. The quantitative 
aspect of this study emulates the quasi-experimental design, because of the fact that the 
group selection could not be done randomly (Borg & Gall, 1989:688). The qualitative part 
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of this study’s research design is a case study in that an in-depth description of the 
intervention with one particular school is given (Mouton, 2001:149). Descriptive/evaluative 
research will judge the effectiveness of the ILS intervention (Borg & Gall, 1989:742). 
Evaluation of the software programme established the contribution the programme might 
make towards mathematics teaching of grade 12 learners. A triangulation of data (Leedy, 
1993:139), obtained from qualitative as well as quantitative instruments, supplemented the 
evaluation research. 
 
1.10      SIGNIFICANCE OF THIS STUDY 
 
This study could assist - 
• mathematics teachers in their efforts to obtain better results from their learners;  
• mathematics teachers in their efforts to make the subject more interesting to their 
learners;  
• a learner who may have missed a lesson (or topic) to catch up on the lost work or a 
gifted learner could accelerate faster;  
• lecturers at tertiary institutions involved in the training of mathematics teachers, 
encouraging them to make use of new technologies in their classroom practice;  
• lecturers at tertiary institutions in their efforts to get more learners to study courses 
involving mathematics (the ILS programme could be used as a bridging course);  
• Provincial and National Departments of Education in their efforts to make 
mathematics more accessible to more learners, and in their efforts to help alleviate 
the shortage of well-trained mathematics teachers;  
• software designers, especially with the possible future implementation of internet 
access for schools or distance learning. 
 
1.11     DEMARCATION OF THE RESEARCH 
 
This research was undertaken in the field of Mathematics Didactics and Teaching 
Technology with grade 12 learners from one secondary school, situated in the Nelson 
Mandela Metropolitan area in the Eastern Cape Province. Only certain sections of the 
syllabus were covered by the ILS viz.: trigonometry and geometry. 
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1.12      DEFINITIONS 
 
For the purpose of this study the definition of educational technology is narrowed down to 
the use of computers and, in particular, to educational technology applications that are 
intended to support teaching and learning (Agodini, et al. 2003:3). 
 
The literature studied used CAI as a general term that includes a wide range of forms that 
vary according to different implementations of computer technology to assist instruction. 
Definitions of computer-assisted learning effectiveness may include academic 
achievement or non-academic outcomes such as learning motivation, or efficiency (for 
example reduced learning time), or cost effectiveness (Parr, 2003:4). The focus of the next 
chapter is on the effectiveness of CAI in mathematics achievement.  
 
Computer-Assisted Learning (henceforth referred to as CAL), or Computer-Based 
Instruction (henceforth referred to as CBI) has provided supplementary instructional 
methods for schools. The early research used the concept of CAI for “drill-and-practice” 
programmes, while CAL included more sophisticated programmes with tutorial instruction, 
record-keeping and management systems. However, CAL can also be referred to as CAI or 
CBI. With respect to CBI, it places emphasis on the individualization of the learning 
process to accommodate the needs, interests, current knowledge, and learning styles of the 
learners. CBI software consists of tutorial, drill and practice and more recently, ILSs. 
Recent types of courseware were not available in the early CAI research. The modern 
implementation of CAI includes more advanced hardware and software technology, and 
allows for greater learner interaction, and greater stores of information. In the more recent 
evaluations of research on computer-assisted learning, CAI is a more general term that 
includes drill-and-practice, tutorials, simulations, word processing, conferencing and other 
activities (Parr, 2003:5).  
 
An ILS is a computer-based system that manages the delivery of curriculum materials to 
learners so that they are presented with individual programmes of work over a number of 
weeks and months (NCET Report, 1995:9). For more detail on ILSs see chapter 2.           
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Meta-analysis refers to the statistical analysis of a large collection of analysis results from 
individual studies for the purpose of integrating the findings (Glass, et al. 1981:3).                                                                                                          
 
Meta-analytical reviews use “effect size” measures to summarize their findings. An effect 
size specifies the number of standard deviation units separating the outcome scores of 
treatment and control groups in a study. Effect sizes are used to express results from 
different studies on a single uniform scale of effectiveness. Effect sizes can be negative or 
positive. An effect size is positive if the treatment group in a study performs better than the 
control group, and it is negative when the control group out-performs the treatment group. 
Effect sizes of 0.2 to 0.49 are usually considered to be small, 0.5 to 0.79 moderate and 0.8 
and above large in size. When effect sizes in education are above 0.25, results are viewed 
as large enough to be educationally meaningful (Slavin, 1990:214). 
 
Formula used to calculate effect sizes: 
c
S
c
M
e
M
sE
−
= . In this formula M is the mean and S is the standard deviation. 
e
M  is the 
mean of the experimental group and 
c
M is the mean of the control group and 
c
S  is the 
standard deviation of the control group. 
 
An effect size of 1.0, for example, indicates that 84% of the experimental group performed 
better than subjects in the control group who scored at the mean (Parr, 2003:7). 
 
1.13     STRUCTURE OF THE THESIS 
 
Chapter one describes the problem area identified and states the problem question with the 
accompanying sub-questions and sub-focuses. This is followed by a description of the 
significance of the research, as well as definitions used in the research and an overview of 
the methodology used in the research. Chapter 2 reviews related literature on ILSs to 
determine its impact on learner achievement in mathematics. The  features of an ILS is 
discussed, and a summary of the features of different South African ILSs is given, with the 
aim of selecting an appropriate ILS as an intervention for this study. 
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The research design and the description of the broad methodological approach together 
with the sub-methodologies are given in chapter 3. This is followed by the techniques 
within the sub-methodologies, viz.: the pilot study, the development of an instrument for 
the selection of the experimental and control groups, and the Master Maths programme 
implementation as the intervention. The data collection and data analysis will also be 
discussed in chapter 3. The results of the quantitative and qualitative research methods are 
interpreted in chapters 4 and 5 respectively. Chapter 6 consists of a summary of the 
findings of the research, conclusions, recommendations for practice and the need for further 
research. Chapter 6 is followed by a list of the sources used during the research and 
appendixes related to the different chapters. 
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CHAPTER 2 
REVIEW OF RELATED LITERATURE 
 
2.1 INTRODUCTION 
 
The first part of this chapter focuses on the following sections in the available literature: 
firstly a historical overview is given, followed by a summary of the debate as to whether 
delivery media alone influence learning outcomes. Thirdly, a review is given of research on 
learner achievement in mathematics and the use of ILSs, followed by a review of research 
on predicting learner growth in mathematics achievement. Fifthly, a review is given of 
research on factors influencing mathematics achievement of South African secondary 
school learners.  
 
2.2 HISTORICAL OVERVIEW 
 
In the early 1960s Patrick Suppes and Richard Atkinson of Stanford University developed 
the first comprehensive programmes of CAI for arithmetic and languages for learners. The 
Stanford programmes presented drill-and-practice and tutorial lessons, requiring learners to 
respond, while detailed records of their performance were kept. In the late 1960s, Suppes 
helped to form the Computer Curriculum Corporation (CCC) to market the courseware 
package, and later other developers followed suit. During the late 1980s and early 1990s, 
educational experts started referring to these instructional programmes as ILSs (Kulik, 
2002:2). 
 
Early in the 1990s there were twelve companies marketing ILS software in the United 
States of America (Wilson, 1992:23). Estimates were that 25% of all schools in the USA 
were using ILSs and that 50% of the money schools spent on software went to ILS 
companies (Bailey, 1992:3). The use of ILS spread to other countries such as Austria, 
Canada, Germany, Guatemala, Hungary, Israel, Kenya, Namibia, South Africa and the 
United Kingdom (Becker and Hativa, 1994:6). 
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 The instructional materials used in the first ILSs were text screens of black and white, and 
learners had to type their answers on typewriter keyboards. The ILSs emphasized drill-and-
practice and tutorial instruction in frames that were very similar to the format that B.F. 
Skinner used in his programmed teaching machines. The ILSs of today use colour graphics, 
sound and complex visual simulations, where learners respond by selecting objects on 
screen via mouse clicking and by keyboard input. Today’s ILSs could also use 
constructivist approaches to learning together with traditional methods (Kulik, 2003:16). 
Schacter and Fagnano (1999:336) refer to learning by design and project-based learning as 
popular methods of applying constructivist theory to successful practice. During project-
based learning, learners refine questions, make predictions, design plans, collect and 
analyze research, draw conclusions and communicate findings.  
 
Many educators are convinced that ILSs have a positive effect on learners’ learning and 
motivation, but others believe that ILSs have a negative effect (Kulik, 2003:17). Supporters 
of ILSs agree that ILSs expose all learners to the same curriculum and at the same time 
allow for individualized pacing and repetition until each learner reaches the desired level of 
mastery. They also believe that ILSs motivate learners by their interactivity and game 
format. Critics of ILSs query whether machines can ever be as effective as real teachers. 
According to these critics, computer lessons are too mechanical and impersonal to teach 
conceptual thinking or higher-order thinking skills, and the lessons are too boring and 
repetitive to motivate learner learning (Kulik, 2003:17). 
 
Nearly all schools in the USA today own computers, and learners are using school 
computers in more ways than ever before, yet there is huge controversy around the use of 
computers in schools. The following questions about the effectiveness of computers in 
schools are still being asked: Are schools doing a better job because they use technology? 
Can schools improve their teaching effectiveness by investing more money in technology? 
How can schools best use technology (Kulik, 2003:iv)? 
 
To answer the problem questions the researcher looked at empirical studies of the effects of 
ILSs. The problem in consulting large scale literature reviews is the varying ways in which 
the reviews report on the outcomes of CAL. In order to attempt to make sense from the 
diverse types of statistics contained in different reports,  researchers often use a measure 
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that allows different types of information about effects to be converted into a common 
measure of effectiveness namely, an effect size (Parr, 2003:6). Refer to chapter 1 page 8 for 
the description of effect size. 
 
Findings from meta-analyses that attribute the effects of ILSs to the medium (computer) 
alone have ignited considerable debate among researchers. 
 
2.3 SUMMARY OF THE DEBATE AS TO WHETHER DELIVERY MEDIA 
ALONE INFLUENCE LEARNING OUTCOMES 
 
What follows in this section is an outline of the philosophical positions of the opposing 
sides of an intense debate in the literature as to whether delivery media alone influence 
learning outcomes. 
 
The main contributor of those who believe that media will never influence learning has 
been Richard E. Clark. He has argued that media per se do not influence learning, but that 
“learning is caused by the instructional methods embedded in the media presentation” 
(Clark, 1994:26). His main argument is: “We need to ask whether there are other media or 
another set of media attributes that would yield similar learning gains. If a treatment can be 
replaced by another treatment with similar results, the cause of the results is in some shared 
(and uncontrolled) properties of both treatments” (Clark, 1994:22). 
 
Clark’s main opposition is Robert Kozma. According to Kozma, both media and methods 
are part of the instructional design, and that learning from media is a complementary 
process where representations are constructed and procedures are performed both by the 
learner and by the medium (Kozma, 1994:11). He argues that a particular medium “can be 
described in terms of its capability to present certain operations in interaction with learners 
who are similarly engaged” (Kozma, 1994:11). 
 
In the views of Joy and Garcia (2000), Clark has made a stronger case than Kozma. To 
them Clark’s argument that the cause of the learning must be something other than the 
media themselves is compelling. Kozma’s reply is that, if two treatments yield a similar 
outcome, it does not mean that they resulted from the same cause. Again, Clark is not 
claiming that there is necessarily a single causal factor for learning to occur with different 
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media. He is arguing that, as long as similar learning occurs with different media, there 
must be some cause other than the media themselves (Joy and Garcia, 2000:3). 
 
Joy and Garcia (2000:1) also caution all concerned when interpreting results of media 
comparative studies. They are of the opinion that many of the literature reports have found 
no significant difference in learning effectiveness between technology-based and 
conventional delivery media. They also think that this research is flawed, because of 
inadequate methodologies and conclusions.  Joy and Garcia (2000:6) also argued that 
learning effectiveness is a function of effective pedagogical practices, and that the question 
ought to be: “What combination of instructional strategies and delivery media will produce 
the desired outcome for the intended audience?”  
 
2.4 RESEARCH ON LEARNER ACHIEVEMENT IN MATHEMATICS AND 
THE USE OF ILSs 
 
Van Dusen and Worthen (1995:29) found that supporters of ILSs argue that these systems 
do improve learner learning. Whether or not one views research as supporting this claim 
depends on the type of evidence one chooses to trust. Some educators trust testimonials of 
informed users: learners, teachers and curriculum specialists (Van Dusen and Worthen, 
1995:29). To them the experts’ observations of the system in use are far more trustworthy 
than quantitative data and they prefer case studies rather than experimental and control 
group studies. 
 
Other educators view case studies and anecdotal evidence as quaint, but not scientifically 
defendable (Van Dusen and Worthen, 1995:29). To them only carefully controlled 
experimental or quasi-experimental research is acceptable as evidence that any instructional 
system or approach is effective. ILS researchers have used both approaches (Van Dusen 
and Worthen, 1995:29). Many studies have shown positive learner, teacher and 
administrator satisfaction with these systems. However, many of these studies did not 
address the impact of the ILS on learner achievement. Of the studies that did examine 
learner outcomes, many reported gains on standardized test scores (Van Dusen and 
Worthen, 1995:29). 
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The aim of this section is to locate recent information relevant to the research question. 
Recent material is an important consideration when dealing with a moving target such as 
technology. Although there is an increasing body of research on ILS, the difference 
between products, the different learning contexts, different modes of integration and 
different research designs make the interpretation of findings a complex task. In the 
following sections major research findings from the United Kingdom, United States and 
other countries are summarized. 
 
2.4.1        The final report on evaluations of ILS in the United Kingdom 
 
The British Educational Communications and Technology Agency (BECTA) in 
conjunction with the Department of Education and Employment carried out an extensive 
evaluation of ILSs. The final report was reviewed and summarized by Professor David 
Wood from Nottingham University in 1998. According to Professor Wood software 
designers and producers of ILSs will be disappointed by the lack of consistent gains 
(BECTA, 1998:4). 
                                                                                                                                                                                                       
The three phases of the research constitute the largest independent study of ILS carried out 
in the world. It involved three separate and independent teams of evaluators together with a 
number of other researchers. The phases each used control groups and independent tests to 
assess learners’ progress. The report involved the integration of many complex variables, 
but has not led to a single, clear interpretation (BECTA, 1998:3). 
 
The following summary of the final UK BECTA report will concentrate on its conclusions 
and recommendations: 
 
2.4.1.1    Conclusions of The BECTA Report  
 
There is considerable evidence that learners do learn from ILSs. The main issue is not 
whether learners learn, but what and how they learn. The use of ILS has a marked positive 
effect on learners’ attitudes, motivation and behaviour. As yet evidence is inconclusive as 
to whether these positive impacts generalize beyond the experience with ILS to influence   
attitudes toward schooling or school subjects in general (BECTA, 1998:7). In Chapter 5, 
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the qualitative research of this study, the researcher will attempt to describe “what” and 
“how” the learners learned. 
 
Where the use of ILS at least matches what can be achieved with conventional teaching, it 
offers a stimulating means of extending the range of learning opportunities open to 
learners. However the results suggest that exclusive reliance on ILS for preparation for Key 
Stage 3 tests and GCSE examinations may have a negative impact, and imply that non-ILS 
teaching is pedagogically necessary during the period of immediate preparation for these 
examinations (BECTA, 1998:7). 
 
Although teachers and principals were generally positive in their attitudes toward ILSs and 
their educational impact, there are issues to address concerning the apparent gap between 
the acquisition and evaluation of core skills and the wider knowledge and skills tested in 
the examination performance (BECTA, 1998:7). In chapter 5 the researcher will investigate 
whether the above mentioned gap also exists in this study. 
 
2.4.1.2     Recommendations of the BECTA Report for schools  
 
Schools should consider the content and function of ILSs not only in relation to the 
demands of the curriculum, but also to the methods of assessment employed to monitor 
learners’ progress and achievement. Schools should also consider the significant and 
enduring impact of ILSs on the use of space, time within schools, as well as the costs 
involved in the introduction and management of the technology (BECTA, 1998:7). 
 
Teachers should ensure that if they use ILSs with learners during their preparation for tests 
and examinations, they do not give up normal teaching methods. Teachers need to be 
informed about how to interpret online information provided by the ILS, and should be 
cautious about interpretation. There are two possible aspects of system feedback: one is 
knowledge-based (such as reports of what learners have learned and are finding difficult) 
and the other is norm-referenced (that is, assessment of relative rates of progress). The 
results of the evaluation suggest that great care needs to be exercised in the use and 
interpretation of any norm-referenced information provided by the ILS (BECTA 1998:7). 
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Although the UK report constitutes the largest independent study of ILSs carried out in the 
world, the large scale research from the United States is also important because they 
summarize the effectiveness of ILSs. The US studies follows in the next section. 
 
 
2.4.2 Large scale US evaluations 
 
There is a body of major meta-analytical reviews, that provides an overview of CAI 
effectiveness since 1970. The reviews of Niemiec & Walberg, 1987; Kulik, 1994 and 
Fletcher-Flinn & Gravatt, 1995 were selected for the purpose of this study, because they 
provide: (1) a clear description of predetermined criteria for selection of studies, indicating 
that their data searches were unbiased and replicable; and (2) specifications of how the 
effect sizes are derived (Parr, 2003:8). 
 
Niemiec and Walberg (1987, cited in Parr, 2003:8) synthesized what was known about CAI 
at all levels of implementation during the period 1978 to 1985. They reported an average 
effect size of 0.42 in their meta-analysis of sixteen reviews from the 1960s. Eleven of the 
sixteen reviews assessed the relationship between CAI and achievement over a large 
number of studies. This effect size is a moderate effect showing that, on average, learners 
who received CAI scored at the 66th percentile on achievement tests compared to learners, 
without CAI, in the control groups who scored at the 50th percentile. They indicated that 
achievement may be inversely related to the level of instruction with the highest learner 
gains at elementary schools (0.46 effect size), high schools (0.32 effect size) and tertiary 
level (0.26 effect size). 
 
Kulik (1994:27) summarized findings from 546 individual studies at all levels of 
implementation conducted during the period 1978 to 1991. He reported average effect sizes 
from 0.25 to 0.57 reflecting a 10 to 22 percentile gain over a control group that scored at 
the 50th percentile. He also added that learners learned more in less time when they 
received computer-based instruction, and that they liked their classes more and developed 
more positive attitudes when their classes included computer-based instruction. 
 
Flecher-Flinn and Gravatt (1995:219) based their analysis on 120 studies during the period 
1987 to 1992. They reported a mean effect size of 0.24 suggesting that CAI learners would 
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out-perform 60% of learners from traditional classes. A 0.2 or 8 percentile gain in 
secondary schools was reported reflecting a decline in novelty as computers became more 
commonplace in schools and at home. 
 
Becker (1992:1) published an article in which he re-analyzed the results reported in thirty 
evaluations of ILSs. He used the normative information supplied by WICAT systems, 
Computer Curriculum Corporation, Jostens Learning Corporation, and reports by 
independent researchers and estimated the average of effect sizes for the thirty ILS studies 
to be 0.40. He indicated that much of the normative information contained in these reports 
was inadequate, and adjusted the average effect size down to 0.22. Becker concluded that 
ILSs have a moderately positive impact on learner achievement. He also pointed out that 
the poor quality of most evaluations and the possible bias in what did get reported on, 
limited the usefulness of these evaluations. 
 
According to Kulik (2002:2) most evaluation studies from the sixties through to the 
nineties suggest that learners benefit from ILS instruction in mathematics. In what Kulik 
described as “the typical evaluation study of the 1980s”, ILS instruction raised mathematics 
test scores by about 0.4 standard deviations. In what he described as “the typical evaluation 
study from the 1990s”, ILS instruction raised mathematics test scores by about the same 
amount (Kulik, 2002:2). 
 
Evaluation studies suggest that schools were more successful in using instructional 
technology over the past ten years than they had been in the earlier two decades. The 
reason for the growing effectiveness over the last ten years can be attributed to the faster, 
friendlier, and more visually and aurally sophisticated computers compared to the models 
of previous years. Learners are more computer literate nowadays and teachers have become 
competent users of instructional software (Kulik, 2003:x). 
 
Kulik (2003:17) reviewed sixteen reports published since 1990 on controlled evaluations of 
ILS effects in mathematics. The studies, which examined ILS programmes from seven 
different vendors, were carried out in elementary and middle-school grades in the United 
States and abroad. Sample sizes in the studies ranged from fifty-two learners in the smallest 
to more than 1000 learners in the largest. The duration of ILS instruction ranged from 
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seventy-one days to five years. In seven of the studies, learners received ILS instruction in 
mathematics only; in the remaining nine studies, learners received ILS instruction in both 
mathematics and reading.  
 
Each of the sixteen studies found that mathematics test scores were at least slightly higher 
in the group taught with an ILS. In nine of the studies the test-score superiority of the ILS 
group was large enough to be considered both statistically significant and educationally 
meaningful. In the sixteen studies, the median ILS effect increased performance in 
mathematics test scores by 0.38 standard deviations, or from the 50th to the 65th percentile 
(Kulik 2003:25). 
 
See Table 2.1 on the next page for the study features and effect sizes of the seven studies 
on ILS use in mathematics.
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Table 2.1. Study features and effect sizes in seven evaluation reports on ILSs in mathematics 
 
 
 
Study 
 
 
Duration 
 
Grade/  
Level 
 
Location 
 
Source of ILS 
 
Sample size 
 
Achievement 
effect size 
Clariana (1996) 1 school 
year 
5 Western U.S. Jostens Learning Corporation 873 learners 0.40 
Fletcher, Hawley & 
Piele (1990) 
71 school 
days 
3, 5 Canada Milliken Math Sequences 79 learners 0.40 
Howell (1996) 1 school 
year 
6 - 8 Georgia Jostens Learning Corporation 131 learners 0.14 
Laub (1995) 7 months 4 - 5 Pennsylvania CCC Success Maker 993 learners 0.56 
McCart (1996) 6 months 8 New Jersey WICAT Systems 52 learners 1.05 
Spencer (1999) 5 years 2 – 3 Michigan Jostens Learning Corporation 92 learners 0.37 
Stevens (1991) 1 year 3 - 5 Texas Jostens Learning Corporation 180 learners 0.54 
 
 
Table 2.1 taken from Kulik (2003:18)
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Each of the seven studies in which ILSs were used in mathematics alone found that 
mathematics test scores were at least slightly higher in the group taught with an ILS (Table 
2.1). The effect sizes in the seven studies ranged between 0.14 and 1.05. In all but one of 
the studies, the effect size was large enough to be considered statistically and educationally 
meaningful (Kulik, 2003:19). 
 
Nine of the sixteen studies of Kulik examined ILS effects in both mathematics and reading 
(Table 2.2). The studies were divided into four groups:  
1 One study found significant effects in both mathematics and reading. 
2 Two studies found significant effects in mathematics but not in reading. 
3 Another two studies found significant effects in reading but not in mathematics. 
4 Four studies found no significant effects in both areas (Kulik, 2003:20). 
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Table 2.2. Study features and effect sizes of nine evaluation reports on ILSs in mathematics and reading. 
 
Study Duration Grade/ 
Level 
Location Source of ILS Sample size Achievement 
Math     Reading 
Becker (1994) 1 school year 2 – 5 Inner-city school Computer Network Specialists  
& Jostens Learning Corporation 
NA 0.15 0.05 
Clariana (1994) 1 school year 3 Rural school Jostens Learning Corporation 85 learners 0.49 0.06 
Leiker (1993) 1 school year 3 Texas Jostens Learning Corporation 331 learners 0.58 0.28 
Miller (1994) 1 to 3 years 3 – 5 New York City Waterford 30 schools 0.20 0.05 
Roy (1993) 1 school year 3 – 8 Texas Jostens Learning Corporation 956 learners 0.15 0.44 
Schmidt  
(1991) 
8 months 2 - 6 California Wasatch 1224 learners 0.04 0.04 
Sinkis (1991) 1 school year 2 – 6 Northeast U.S. Jostens Learning Corporation 729 learners 0.17 0.22 
Underwood et al. (1996) 6 months Elementary United Kingdom CCC Success Maker 173 learners 0.40 0.00 
Van Dusen & Worten  
(1995) 
1 school year Elementary Several areas of U.S. Unspecified 93 classes 0.09 0.44 
 
Note: NA= Not Available 
 
Table 2.2 taken from Kulik (2003:21).
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Overall, the nine studies in Table 2.2 indicate that ILS effects are mixed when they are used 
in both mathematics and reading instruction. The median effect size was 0.17 on 
mathematics tests and only 0.06 on the reading tests. ILSs appear to be more effective when 
they are used to teach mathematics only. When ILSs are used in a focused way it seems to 
raise mathematics test scores by approximately 0.40 standard deviations (Kulik, 2003:24). 
 
Kirk (2003:2) explored the relationship between time spent on an ILS (entitled 
SuccessMaker), as a supplement to traditional mathematics instruction, and achievement 
as measured by standardized achievement tests of elementary learners. The variables of 
grade level, ability level, and gender were also considered. Findings in this study were 
mixed. ILS use was associated with positive effects, negative effects, and no effects. 
Negative effects occurred during the year with the lowest usage. No interaction effects were 
found in any of the models, indicating that the ILS did not have differing effects for boys or 
girls or for learners of varying ability levels. 
 
2.4.3 Other studies of ILS 
 
In a recent study of an ILS, Learning Expedition, Taylor suggests that there are some gains 
possible in the area of mathematics. In this study of eleven to thirteen year olds in one 
school, time spent on the ILS added significantly to the variable of prior level of 
achievement in explaining the results of the end-of-year mathematics examination (Taylor, 
1999:95). 
 
The only study from New Zealand, published by Parr, was on the use of SuccessMaker® in 
a secondary school. Learners made sizeable and rapid gains in mathematics on the system, 
but this did not generalize to the standard achievement test used, or to school-based 
assessment. Lower achieving learners who spent more time on the system on a regular basis 
showed greater gains (Parr, 1997:26). 
 
Research results are mixed. For those who are comfortable with casually conducted 
comparative studies, the effectiveness of ILSs has been amply demonstrated, but for those 
who demand scientifically rigorous studies the effectiveness and impact of ILSs were not 
demonstrated (Van Dusen and Worthen, 1995:29). 
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2.5 RESEARCH ON PREDICTING GROWTH IN MATHEMATICS 
ACHIEVEMENT  
 
An instructional programme cannot be equally effective for all groups of learners (Parr, 
2003:26). Individualised instruction is advertised as the main feature of ILSs. Higher ability 
learners can proceed at their own pace, ahead of where the instruction for the whole class 
may have taken them, but it is also clear that lower achieving learners often cannot progress 
using computer software tutorials and drills without the help of other people. The 
effectiveness of an ILS is dependent on what Becker calls the mindfulness with which it is 
used (Becker, 1994:78). 
 
Some remarks by the British studies were made regarding whether ILS can operate 
differentially with respect to learners of differing ability (Parr, 2003:27). The results from 
the first two phases showed that schools view ILS as particularly suitable for low 
performing learners (NCET, 1995:7). The results showed that ILS gave neither special 
benefits nor disadvantages for such learners in terms of learning outcomes. In phase three 
an observation of learners with special needs, using AutoSkill, showed no strong evidence 
of any differential impact on these learners (BECTA, 1998:10). 
 
Becker (1994:76) found a curvilinear pattern of effects in terms of the relationship between 
outcomes and ability. Learners at the top and bottom of their school’s prior achievement 
distribution benefited from the ILS programme, while learners from the middle did better 
when using traditional instruction methods. In mathematics, however, learners in the 
middle had moderately positive effect sizes on all mathematical measures, while the low 
performers had negative effect sizes. 
 
Wilkins and Ma (2002:7) in predicting high school growth in mathematics found that 
higher prior achievement significantly predicted slower growth rates in the content areas of 
statistics, algebra and geometry. 
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2.6 RESEARCH ON FACTORS INFLUENCING MATHEMATICS 
ACHIEVEMENT OF SOUTH AFRICAN SECONDARY SCHOOL LEARNERS 
 
One of the main research questions of Sarah Howie (2003:293) was: “What factors on 
school level, class-level and student level influence pupils’ performance in mathematics?” 
She hypothesized that learners performing poorly in the English language test would also 
perform poorly in the mathematics test. This was found to be the case. Both the English test 
and the mathematics test may be considered to be measures of cognitive ability. Similar 
studies in industrialized countries have shown that cognitive ability is the strongest 
predictor of achievement in mathematics (Howie, 2003:295).   
 
Howie (2003:294) also found the following in her secondary analysis of the Third 
International Mathematics and Science Study (TIMSS):  
• Learners’ English language proficiency is highly significant in predicting a learner’s 
performance in mathematics with more proficient learners achieving higher 
mathematics scores. 
• Socio-economic status has a significant effect on mathematics achievement with 
learners from wealthier backgrounds achieving higher scores in the mathematics 
test. 
• South African learners with a positive self-concept regarding mathematics achieved 
significantly higher scores in the mathematics test. 
• Learners tend to achieve significantly higher scores if they, their friends and their 
mothers perceive mathematics to be important. 
 
The second part of this chapter focuses on the following: firstly, the features of an ILS are 
discussed. Secondly, a summary of the features of different South African ILSs is given, 
followed thirdly, by the selection of an appropriate ILS to be used as intervention for this 
study. Fourthly, the features of the selected ILS are discussed, followed by a discussion of 
whether the selected ILS covers the South African syllabus for Mathematics Standard 
Grade in grades 11 and 12. Lastly, the choice of topics to cover with the ILS as part of the 
intervention is given, as well as a summary of the chapter. 
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2.7 FEATURES OF AN ILS 
 
An ILS is a computer-based system that manages the delivery of curriculum materials to 
learners so that they are presented with individual programmes of work over a number of 
weeks and months. The material is often computer based, but not exclusively so. The 
system provides feedback to learners as they work and detailed records for both learner and 
tutor. Systems contain diagnostic elements that facilitate individual learning programmes. 
They usually have an on-line management system that enables a number of learners to work 
on the system at the same time, at different levels, to receive immediate feedback on 
progress and, when needed, provide learners with appropriate tutorial and practice sessions 
(NCET, 1994:9). 
 
Figure 2.1: ILS with components 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Figure 2.1 adapted from NCET (1995:9). 
 
An ILS has three main components, which form the unique features of such a system: 
(NCET report, 1995:9). 
• Curriculum content: this comprises an extensive range of tutorial, practice          
and assessment modules for a substantial part of a learner’s curriculum     
with coverage across a range of curriculum subjects and levels of ability. 
• A learner record system: this maintains information on every learner and  
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         records learners’ levels of achievement. 
• A management system: this links and controls the flow of data and might 
         perform some or all of the following functions: 
o interpretation of learner responses in relation to the current task; 
o updating of learner records based on individual responses; 
o provision of feedback to learners and teachers; 
o giving a choice of pathways through the curriculum content (this may also 
be based on response) and delivery of the appropriate sequence of learning 
modules. Some systems automatically determine the learner’s next task, 
others require teacher involvement.  
 
ILSs vary in their ability to be linked with other resources. Some are structured so that their 
management systems only deal with the content provided within the ILS itself. Others have 
facilities for including other software, and sometimes for referencing with other resources 
such as books and videos and CDs (NCET report 1994:9). 
 
Usually an ILS runs on a set of computers networked to a file server, which contains the 
content, the learner records and the management system. Some versions can run on a single 
computer. Although other software can be run on the network, most sites dedicate this 
network to the ILS use (NCET report, 1994:10). 
 
An ILS generally focuses on particular types of learning and is used in areas which: 
• need systematic coverage of content; 
• need repetitive practice; 
• require individual pacing and review; 
• can be sequenced in levels of difficulty; 
• can be easily transferred to screen audio tutorials; 
• can be assessed by computer-based methods; 
• involve remedial help to support particular difficulties; 
• need to cater for learners at different levels (NCET report, 1994:10). 
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In general, an ILS tends not to be used for: 
• learning through social interaction; 
• discussion, group activities, inspirational and/or collaborative work; 
• creative communication such as drama or poetry; 
• content more effectively assessed by teachers; 
• IT skills and capability (NCET report 1994:10). 
 
2.7.1 Summary of the features of the different ILSs available in South Africa 
 
The researcher asked different software suppliers to evaluate the features of their own 
product according to the following features of an ILS: 
• The ILS must cover the South African school curriculum for mathematics for 
secondary schools  
• The ILS must have modules that cover: 
o tutorials; 
o practice;      
o assessment. 
• The ILS must have a record system that: 
o keeps records of every individual learner; 
o gives levels of achievement. 
• The ILS must have a management system that: 
o offers a choice of pathways through the curriculum content; 
o updates learner records based on individual responses; 
o provides feedback to learners and teachers. 
 
The table on the next page summarizes the features of the different South African ILSs: 
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TABLE 2.3:  Summary of the features of the different South African ILSs 
 
BRAND  
NAME OF ILS 
CURRICULUM  
COVERAGE 
DOES THE SYSTEM HAVE 
 MODULES FOR: 
RECORD SYSTEM MANAGEMENT SYSTEM 
 Grades Levels of   
ability 
 
Tutoring Practice Assessment Individual 
learners 
Levels of 
Achieve- 
ment 
Choice  
of 
pathways 
Update 
records 
Feed-back 
Intellectual 
Software 
Group (Pty) 
Ltd 
CAIROO  
 
0 - 12 Three 
levels per  
lesson per 
grade 
Yes Yes Yes Yes Three 
levels per  
lesson per 
grade 
Diagnostic 
progress 
system 
After 
each level 
of 
difficulty 
Print learner 
and class 
reports 
CAMI  
Mathematics   
CC 
 
Age 5 - 18 
Gr R – 12 
Beyond 
matric 
Complete 
coverage, 
all levels 
of  ability 
Yes 
Dynamic 
interactive 
tutoring 
Yes 
Revision 
Retention 
Reinforce
-ment 
Continuous Yes 
Full records 
are kept 
Yes No No No 
Master Maths 
 
6 – 12 
N1 – N3 
HG & SG 
% for 
tests 
Yes 
Dynamic 
interactive 
tutoring 
Yes Yes Yes Yes Yes Yes Yes, reports 
of modules 
can be viewed 
on screen or 
printed 
Math-Pro 
 
0 – 12 Complete 
coverage 
No 
Questions  
with 
worked out 
examples 
Yes Yes Yes Yes No Yes Yes 
Reports can 
be viewed on 
screen or 
printed 
Math Trek 
 
 
R – 3 
4-6 
7-9 
10 – 12 
Varying 
degrees  
of 
difficulty 
Yes Yes Yes Yes Yes Yes 
Restore 
missing 
bricks 
Yes Yes 
Learners 
and teachers 
 
 
See Appendix A for a list of mathematics software designers in South Africa for secondary schools and their contact numbers.
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2.7.2 Selection of an appropriate ILS from table 2.3 
 
The Computer Based Training programme of Master Maths was selected as the ILS 
intervention for this study mainly because it possesses tutoring modules that cover the 
South African syllabus for mathematics to a fuller extent than Math Trek or CAIROO. See 
section 2.9 and Appendix B for more detail on syllabus coverage. 
 
The Khanya Project launched by the Western Cape Education Department is a pilot project 
aimed at improving Higher Grade Mathematics results of previously disadvantaged schools 
through the use of computer-assisted instruction. All stakeholders in the Khanya Project 
selected the Master Maths system as opposed to CAMI Mathematics as the product of 
choice. According to Mr Charles Pearce, mathematics coordinator of the Khanya project, 
the main reasons for Master Maths being the preferred software were that it offered a more 
comprehensive and user friendly environment for the learners and that the developers were 
very accommodating with regard to corrections, changes and updates to facilitate the use of 
their programme – the other product of choice open to the Western Cape schools, viz.: 
CAMI, was not that accommodating. In the first year, 2001, the Master Maths system was 
installed in eleven schools and in 2003 the figure grew to ninety-nine schools (Personal 
correspondence with Mr C. Pearce). Further information can be obtained from the Khanya 
website (http://www.khanya.co.za). 
 
2.8 THE FEATURES OF THE SELECTED ILS 
 
The Master Maths system operates on a network based on the Microsoft NT 4 Server 
platform and comprises the following: 
 
2.8.1 The management system 
 
The Master Maths Administration and Management system provides for the following: 
• enrolling and resigning learners, capturing full particulars of each learner; 
• maintaining comprehensive records of all the modules completed by each  
learner, as well as their results in tests and worksheets; 
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• a weekly timetable for all learners with regular attendance record; 
• a daily timetable used to schedule modules and to enter learners not yet on 
the timetable; 
• a facility for the tutor to search for modules and view them; 
• a comprehensive reporting function, for parents or for tutors. 
The Tutor Administrator can be operated in multi-user mode. A number of tutors in a 
large centre may have access to the scheduling and administration functions at the same 
time (Master Maths Advertising Brochure, 2002). 
 
2.8.2 The modules 
 
The modules cover the South African mathematics curriculum from grades 6 to 12 and are 
available in English and Afrikaans (grades 10 – 12 fully, and 7 – 9 partially). Grades 1 to 6 
are being developed. Each module addresses a specific section of the grade, and has the 
following structure. 
 
The modules have a computerized multi-media component and instruction is done with 
voice and animated illustrations, of approximately twenty minutes per module. Learners 
may move around freely within a module by way of a menu and progress is at their own 
pace. They can play and replay the teaching content as much as they like. The tutor is an 
integral part of the system, actively monitoring and guiding the progress of the learner, 
providing encouragement and constantly reinforcing the concepts learned. 
 
The introduction of each module describes the subject matter in the module and may 
identify a previous knowledge base required by the learner. There are on average three 
outcomes per module. Each outcome addresses a portion of the subject matter in the 
following sections: 
• What is? – Explains the concepts using voice and images. 
• How to? – Reinforces knowledge that the learner has acquired through  
questions and answers. Incorrect responses are followed by a hint and 
correct responses are reinforced through repetition of the reason why the 
answer is correct. 
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• The summary section summarizes and reinforces the concepts learned in the 
module. 
• The consolidation section applies the same principles as the How to? 
section, but covers the contents of the whole module. 
• Tests – Do not provide immediate feedback to the learner. It is intended as 
an assessment tool for the tutor to determine progress or lack thereof. 
                        Four types of questions are asked during a test: 
Multiple choice, true/false, yes/no and text typing (Master Maths 
Advertising Brochure, 2002). 
 
2.8.3 Modes 
 
The computerized modules may be presented in three different modes: 
• The standard mode 
In this mode the complete module (including tests) is done by the learner. 
• The teaching/revision mode 
In this mode the learner is only presented with the What is? (teaching) and 
How To? (reinforcement) sections. 
• The testing or assessment mode 
In this mode the learners are presented with only the tests in the module.  
(Master Maths Advertising Brochure, 2002). 
 
2.8.4 Module notes 
 
A complete set of notes (per module) is provided in the system. Notes should be printed out 
beforehand and be made available to the learners before they start with any module. 
Learners may personalize their notes by highlighting key elements during the time that they 
are working on the module. The notes also contain some reinforcement exercises (Master 
Maths Advertising Brochure, 2002). 
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2.8.5 Module worksheets 
 
Four worksheets have been developed for each module: 
• the first testing theory 
• the second testing application 
• the third testing skills at an advanced level 
• the fourth a typed copy of the questions in the computerized tests in the  
modules. 
All worksheets come complete with “worked out” solutions on a separate answersheet 
(Master Maths Advertising Brochure, 2002). 
 
2.8.6 The system statistics 
The system design is very modular. Modules are compiled with Module Assembler using 
individual components that may be edited, enhanced, corrected or upgraded with ease. The 
system components include the following: 
• Modules – 280 are divided into 900 outcomes. 
• Worksheets – 1 120 – that comprise 4 000 pages with 50 000 questions and  
answers. 
• Computerized tests – 280 – that contain 6 000 questions. 
• Notes – 1 400 pages that contain 4 200 reinforcement exercises. 
• The modules are built up from 11 000 pages of graphics of  
which about a third is animated and synchronized with sound clips adding  
up to 95 hours of voice recordings. 
• Modules average between 10 to 15 MB each. The total disc space  
required for the full system, including notes, programmes and operating  
system is 4.2 GIG (Master Maths Advertising Brochure, 2002). 
 
 
2.8.7 The System Requirements 
 
• The system operates on a network based on the Microsoft NT 4 Server  
platform. 
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• The server: 
o Pentium II 233 or upward 
o 128 Meg RAM 
o CD ROM drive 
o 10GB Hard drive (preferably 20GB for translations and upgrades) 
o 3 Com Network card 10/100 
o Microsoft NT 4 Server 
• The workstations: 
o Pentium 100 or upward (Ideally 166 MMX) 
o 16 Meg RAM minimum hard drive 
o Creative Lab 16 OEM soundcards 
o Earphones (No volume control required) 
o 3 Com Network card 10/100 
o Windows 95 or 98 or NT 
• Hub (as per number of workstations) 
• 100 Mbps UTP cable 
• Intelligent UPS on Server 
• Modem  
(Master Maths Advertising Brochure, 2002). 
 
 
2.9      SYLLABUS COVERAGE OF THE SELECTED ILS 
 
The researcher used the Core Syllabus contained in the National Guideline Document 
(Department of Education, 2002a) to compare the topics which the Master Maths 
programme covered. See Appendix B for more detail of the topics covered for Standard 
Grade Mathematics for both papers of grades 11 and 12. It is the researcher’s opinion that 
all the topics for Standard Grade Mathematics of the Guideline Document are covered by 
the Master Maths programme. A more detailed discussion will be given in chapter 5. 
 
The next step was to decide on which topics to cover with the ILS as part of the 
intervention. 
 
2.10 TOPICS COVERED WITH THE ILS AS PART OF THE 
INTERVENTION 
 
The examiners’ reports of November 2002 of the Eastern Cape Education Department 
(2002) indicated that the sections of the Standard Grade syllabus that were poorly answered 
by the learners were: geometry and trigonometry. 
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The following modules were selected from the Master Maths programme to form part of 
the intervention: 
Grade 11 
   
Trigonometry 
 
I54 Trig Graphs 1 (period/amplitude/asinx/acosx/atanx) 
I56 Trig Graphs 2 (sinax/cosax) 
I58 Trig Graphs 3 (interpretation/asinbx/acosbx) 
 
I64 Sine Rule 
I65 Cosine Rule 
I66 Area Rule 
I69 2D Problems 
 
Geometry 
 
I11 Circles 2 (angle at centre/same segment)(1) 
I13 Circles 3 (angle at centre/same segment)(2) 
I16 Circles 4 (cyclic quadrilateral/tangents)(1) 
I17 Circles 5 (cyclic quadrilateral/tangents)(2) 
 
Grade 12 
 
Geometry 
 
J 35 Similarity 
 
The faster workers could continue with the following: 
 
Analytical Geometry 
 
J 01 Introduction 
J 02 Distance formula 
J 09 Application of distance formula  
J 11 Midpoint formula 
J 17 Gradients 
J 18 Parallel lines 
J 19 Straight line (1) 
J 21 Straight line (2) 
J 22 Locus 
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2.11  SUMMARY 
 
The overall picture that emerges from the studies of ILS effectiveness on mathematics 
achievement is positive. In each study, learners receiving ILS instruction along with 
conventional instruction scored at least as high on standardized tests as did learners who 
received conventional instruction alone. The median value of all effect sizes in the studies 
was large enough to be considered statistically significant and educationally meaningful. 
Learners receiving ILS instruction scored on average 0.28 standard deviation units higher 
on achievement tests (Kulik, 2003:25). 
 
The effect size of 0.28 for all ILS studies may be misleading, because it comprises both 
reading and mathematics effects. ILS effects appear to be greater in mathematics than in 
reading. Mathematics effects were less clear in studies combined with reading instruction. 
According to Kulik (2003:25) this was an unexpected result and not easy to explain 
(because one would think that the combined effect would be more beneficial for learners). 
Kulik proposed that one possible explanation for this could be that more time was spent on 
ILS instruction in studies where only mathematics was taught (2003:25). 
 
To summarize the findings of reviews and meta-analyses there is a general learning 
advantage of CAI over traditional instruction, though the level of effectiveness of CAI 
varies with specific learner populations, course content and CAI type. However it has yet to 
be established whether this gain is “simply an artifact of poor research design” or that 
media are “mere vehicles that deliver instruction but do not influence learner achievement 
any more than the truck that delivers our groceries causes changes in our nutrition” (Clark, 
1983:445). Another explanation could be that the advantages stem from the general 
superior quality of CAI materials, rather than from some intrinsic characteristics of the 
computer technology as a vehicle of instruction (Fletcher-Flinn & Gravatt, 1995:232). 
 
Evaluators have found evidence suggesting that ILS effects would be stronger if schools 
followed simple rules in implementing them. The more time learners spend on ILS 
instruction, the more effective it becomes. Apparently only 15% to 30% of the 
recommended time is spent by learners on the systems. It also appears to be more helpful if 
teachers could integrate ILS instruction with their regular classroom instruction. Finally, 
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ILSs appear to be more effective when learners work in pairs rather than individually 
(Kulik, 2003:26). 
 
The second part of this chapter discussed the features of an ILS and then summarized the 
features of different ILSs available in South Africa. The main purpose was to select an 
appropriate ILS as the intervention for this study. Next, the features of the selected ILS, 
entitled Master Maths, were listed as well as the coverage of the South African syllabus for 
mathematics in grades 11 and 12 and the topics covered with the ILS as part of the 
intervention. The next chapter deals with the basic procedure and steps followed to address 
the problem. 
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CHAPTER 3 
RESEARCH METHODOLOGY 
 
3.1 INTRODUCTION 
 
This chapter describes the methodology and procedures used in this study. It is organized 
into the following sections: the ontological perspective of the researcher, the description of 
the broad methodological approach, the sub-methodologies viz.: quasi-experimental 
research design, and descriptive/evaluative research. This is followed by the techniques 
within the sub-methodologies, viz.: the pilot study, the instrument for the selection of the 
experimental and control groups, and the Master Maths programme implementation as the 
intervention. The final sections will give the data collection and data analysis methods, as 
well as concluding remarks. 
 
3.2 ONTOLOGICAL PERSPECTIVE OF THE RESEARCHER 
 
In this study the researcher views the role of research to provide a method of obtaining 
answers to unresolved problems by studying the facts within the parameters of the scientific 
method. The purposeful, precise and systemic search of the scientific method has as its 
primary goal the discovery of new facts. The new facts could add new knowledge, skills, 
attitudes and values to the existing body of knowledge or it could reinterpret existing 
knowledge. 
 
The researcher will deem the present study as adding to the body of educational research 
when a South African designed ILS is applied to the South African school environment 
with mathematics learners from historically disadvantaged schools. The results and 
conclusions of the collected data can lead to further insight into the application of a CAI 
programme for mathematics.  
 
It is the researcher’s ontological perspective that both quantitative and qualitative research 
methods contribute to the body of knowledge in educational research. The quantitative 
aspect of this study emulates the quasi-experimental design, owing to the fact that the group 
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selection could not be done randomly. The qualitative part of this study’s research design is 
a case study. 
 
3.3 BROAD METHODOLOGICAL APPROACH 
 
Gall, Borg, and Gall (1996 as cited in Kirk, 2003:39) identified four types of knowledge 
research that contribute to education, viz.: description, prediction, explanation, and 
improvement. This study proposes to contribute information about description and 
improvement in educational practice by analyzing the effectiveness of an intervention by an 
ILS, entitled Master Maths.  
 
The next two sections describe the quantitative and qualitative research methods. 
 
3.3.1 Quantitative method 
 
The quantitative aspect of this study emulates the quasi-experimental design, because it 
was impossible to do the group selection randomly. Leedy (1993:302) indicated that for 
true experimental designs randomness of group composition is very important, but that life 
occasionally presents situations where random selection and assignment are not possible. In 
such cases researchers must rely on designs called quasi-experimental designs. Welman and 
Kruger (2002:125) reported that for quasi-experimental research designs the internal and 
external validity factors are very important. The internal validity of the conclusions 
reached may be extremely suspect caused by factors beyond the researcher’s control, viz.: 
history, spontaneous change and other third-variable problems (Welman and Kruger, 
2002:100). 
 
By the threat of history, Welman and Kruger mean events that take place concurrently 
with the experimental intervention and that may also affect the dependent variable 
(2002:100). In this study the learners from the participating school were not under direct 
control or supervision of the researcher for twenty-four hours per day and they could  
attend extra mathematics classes or holiday courses to prepare for the examinations in 
November. Such extra inputs could have influenced the results. 
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By the threat of spontaneous change, Welman and Kruger mean that if we observe a 
change in the dependent variable we cannot know for certain whether the change would 
have occurred in any case without the intervention (2002:101). In this study the learners 
could have matured in the five-month period up to the examination session or they could 
have revised more during the additional cramming time. The spontaneous change might 
also have occurred in the control group. 
 
The threat of the third-variable occurs in all research designs and it is important that it is 
recognized. What makes matters more complicated in the human behavioural sciences is 
that there are seldom only a few independent variables that we can identify as causal factors 
(Welman and Kruger, 2002:102). There is always the possibility that a third variable may 
explain a strong relationship (high correlation) between two variables. For example, time 
spent on the ILS might add significantly to the variable of prior level of achievement in 
mathematics and English in explaining the results of the end-of-year mathematics 
examination, as found by Taylor (1999:95). 
 
Welman and Kruger mentioned further factors that influence the researcher’s control. In 
human behavioural research the independent variable is usually a construct instead of a 
directly observable variable. To investigate the effect of such constructs, they have to be 
operationalised in terms of observable variables (2002:106). In this study the subjects had 
to indicate the degree to which they agree or disagree with the items of the self-report 
questionnaire on a five-point Likert scale. By construct validity, Welman and Kruger mean 
that the instrument measures what it is supposed to measure (2002:135). To them there are 
three threats to construct validity, viz.: the subject effect; the experimenter effect and the 
pre-test sensitization (2002:107). 
 
By the subject effect, Welman and Kruger mean that the participants do not approach the 
experiment as passive, neutral beings – they also interpret and attach meaning. The mere 
fact that they are guinea pigs in a research project may cause them to react differently 
(2002:107). The Hawthorne effect is seen as synonymous with the subject effect in the 
experimental group. If participants believe in the efficacy of a programme it may cause 
them to improve to whatever the programme intended. A similar effect, the John Henry 
effect, may arise in the control group – they might exert extra effort and consequently 
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perform better than was expected (2002:108). The principal of the school, Mr Baartman, 
noted a sense of competition between the two groups after selection, with each group 
wanting to outperform the other group. 
 
A way to deal with the threat to construct validity is to take it into account or to prevent the 
possible effect of the experimenter’s expectations in advance (Welman and Kruger, 
2002:111). With regard to the objectivity of the researcher, Raizen and Rossi (1981 cited in 
Kirk, 2003:40) concluded that: “good evaluators must balance precariously between an 
intimate and responsible knowledge of the program and a distance from it that will permit 
them to see its strengths and weaknesses.”  The researcher declares that he is 
knowledgeable about the Master Maths programme, its stated capabilities, perceived 
capabilities, and use as an instructional tool. The decision to investigate the impact of ILS 
usage was his, initiated by questions that occurred to him while working on the Master 
Maths system at Framesby High School. 
 
What pre-test sensitization boils down to is that the pre-test sensitizes the individuals in 
the experimental group to the subsequent intervention and thereby affects their scores on 
the dependent variable either negatively or positively (Welman and Kruger, 2002:112). In 
this research the self-report questionnaire might have sensitized the learners in the 
experimental group. 
 
3.3.2 Qualitative method 
 
The qualitative part of this study’s research design is a case study in that an in-depth 
description of the intervention with one particular school is given (Mouton, 2001:149). 
Descriptive/evaluative research judged the effectiveness of the ILS intervention (Borg & 
Gall, 1989:742). Evaluation research judged the effectiveness of the ILS intervention.  
Evaluation of the modules established the contribution the programme made towards 
mathematics teaching of grade 12 learners.   
 
A triangulation of data obtained from qualitative, as well as quantitative methods 
supplemented the evaluation research. Triangulation is the use of two or more methods of 
data collection in the study of some aspect of human behaviour.  The use of multiple 
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sources of data collection is likely to increase the reliability of the observations (Cohen and 
Manion, 1994:233). In this study the purpose of triangulation was to synthesize the data 
from the quantitative and qualitative methods. The various components of the module tests 
of the intervention and the examination questions were triangulated with reference to the 
marks of the learners during the final examination to establish whether a pattern existed 
between achievement and cognitive levels. The pattern would reveal whether low achieving 
learners had the ability to answer questions with high cognitive levels.  
 
3.4 SUB-METHODOLOGIES 
 
The researcher employed the following sub-methodologies: quasi-experimental research 
design, descriptive/evaluative research and the case-study research. 
 
3.4.1 Quasi-experimental design 
 
This study is a quasi-experimental, correlational study, employing analysis of variance 
(ANOVA) to analyze the data. The aim will be to determine which independent variables 
can be correlated to a learner’s success as measured by the end-of-year school leaving 
examination results in mathematics. ANOVA is a statistical procedure used to compare the 
amount of between-group variance in individuals’ scores with the amount of within-groups 
variance (Gall, Borg & Gall, 1996 as cited in Kirk, 2003:39). Section 3.7 will give more 
detail on data analysis. 
 
This non-randomized control group pre-test /post-test design configuration is similar to the 
true experimental designs, except for the lack of randomization. 
Nonrandomized control group pre-test/post-test design 
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2 1 O andO  represent the evaluations of the experimental group, before and after its 
exposure to the intervention X. 43 O and O  represent the evaluations of the control group. 
This study determined whether the intervention had a significant effect on the experimental 
group. It also determined whether a relationship exists between the dependent variable, 
the raw marks of Paper 2 of the National Mathematics Standard Grade Examination of 
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November 2003 for grade 12, and the independent variables, prior achievement in 
mathematics and English as measured by the June examination of the school. 
 
3.4.2 Descriptive/Evaluative research 
 
Educational evaluation is the process of making judgments about the merit, value, or worth 
of educational programmes (Borg & Gall, 1989:742). This study evaluated the modules 
covered by the intervention to establish the contribution the intervention made towards 
improving the mathematics results of grade 12 learners. The researcher used Bloom’s 
Taxonomy of Cognitive Levels to evaluate the module tests and examination questions 
(Bloom, 1956). Bloom’s original work covered six levels; whereas the summarized version 
used for mathematics, contained in the National Guideline Document for Mathematics 
(Department of Education, 2002a:v), uses only five levels. The researcher served on the 
panel of examiners and can vouch for the fact that the panel of examiners used the same 
summary of the classification of the cognitive levels when they set the National 
Examination Papers for mathematics – that is the reason why the researcher used it for the 
evaluation of this study (see Table 3.1 below). 
 
Table 3.1: Classification of mathematics questions according to cognitive levels  
 
 
 
CATEGORY DESCRIPTION 
A.  KNOWLEDGE The recall of content which was encountered first of 
all in the teaching situation, e.g. facts, notation, 
conventions, formulae, laws, concepts, definitions, 
classification categories and standard proofs. 
B.  SKILLS This refers to well-defined procedures/methods which 
the learner has learnt to carry out with ease and the 
necessary accuracy. 
The question requires no decision-making/choice of 
method as it is obvious, e.g.: 
1. Simplification of expressions and the 
solution of standard equations. 
2. Calculations by e.g. substitution. 
3. Drawing of graphs from a given      
function. 
4. Handling of tables, instruments and calculators. 
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C.  UNDERSTANDING This refers to the combining of different actions 
(operations, methods, concepts, and assertions) to 
solve a problem.  The necessary actions are easily 
recognizable when the question is read with 
understanding so that, based on this understanding, 
the learner knows what to do and why he/she is doing 
it.  It also includes the ability to translate from one 
symbolic form to another, to interpret the essential 
message of the material and to recognize a 
tendency/pattern/idea, and to generalize by means of a 
process of extrapolation. 
D.APPLICATION The ability that is required here is very similar to that 
which applies to UNDERSTANDING, but the 
required actions are more difficult to recognize 
because the problem is of a different type to those 
which have been met before and is thus relatively 
unknown.  Although the knowledge, principles and 
methods that are to be used are known, the method of 
solution is not implicit in the situation. 
E.  CREATIVE         
     THOUGHT 
This refers to the ability to think originally and to 
handle the material in a way that is new to the learner.  
This requires an analysis of the material into its 
constituent parts and then a synthesis of these parts to 
form a new whole. 
 
This research compared the relevant questions in the National Examinations with the 
content covered by the modules in the Master Maths pogramme. The evaluation included a 
comparison of what happened during the twelve three-hour sessions (the intervention) with 
the marks of the learners in the actual examination. The purpose of this was to explore the 
impact of the ILS on mathematics achievement. Chapter 5 contains a more detailed 
description. 
 
3.4.3 Case study research 
 
In chapter 5 the researcher gave a highly detailed description of the intervention by one 
particular ILS, entitled Master Maths, administered to one particular secondary school in 
the Nelson Mandela Metropolitan Area. By investigating one case, under the microscope so 
to speak, the researcher hoped to reveal the steps that were taken and to come to a better 
understanding of how a computer aided instruction programme in one subject, 
mathematics, effected the examination performance of learners from a previously 
disadvantaged school. 
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According to Salkind (1997:212) the case study method has provided very important 
information to researchers, but it does have its shortcomings. By the very nature of case 
studies the generalizability of the findings is limited. Although one might be able to learn 
about a certain school and its learners it is not wise to conclude that similar studies would 
lead to similar findings. While one might want to speculate, there is nothing in the case 
study approach that allows one to reach cause-and-effect conclusions. Case studies do, 
however, yield a great deal of detail and insight that is simply not possible through any 
other method. 
 
3.5 TECHNIQUES WITHIN SUB-METHODOLOGIES 
 
The pilot study of 2002 was the first technique used within the sub-methodology quasi-
experimental design, followed by the development of the instrument for selection of the 
experimental group and control groups as well as a description of the intervention. 
 
3.5.1 The pilot study of 2002 
 
The pilot study of 2002 researched grade 12 standard grade mathematics learners working 
on a computer aided instruction programme to determine whether they could improve their 
end-of-year grade 12 examination results in mathematics as compared to a control group of 
the same school who did not work on the programme. The pilot study investigated twenty-
four grade 12 standard grade mathematics learners from one school in Port Elizabeth. The 
learners worked on the programme on Saturday mornings from 09:00 to 12:00, covering 
certain sections of the syllabus viz.: algebra, trigonometry and geometry. 
 
The school had fifty-six standard grade learners in grade 12 during 2002. The experimental 
group of twenty-four volunteer learners worked on the Master Maths computer programme 
in August, September and October 2002. The mathematics performance in the June 
examination of the school was used to match the control group pair-wise with the 
experimental group.  
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3.5.1.1 Results of the pilot study of 2002 
 
Table 3.2 below summarizes the descriptive statistics by giving the means and standard 
deviations of the two groups. 
 
Table 3.2: Breakdown table of the descriptive statistics for the pilot study of 2002 
(Means and standard deviations) 
Breakdown Table of Descriptive Statistics (Newel 1.sta)
Smallest N for any variable: 55
group wisk_jun
Means
wisk_jun
N
wisk_jun
Std.Dev.
wisk_nov
Means
wisk_nov
N
wisk_nov
Std.Dev.
0 31.06250 32 15.95141 46.34375 32 21.13644
1 40.87500 24 15.24385 61.52174 23 14.64386
All Grps 35.26786 56 16.26652 52.69091 55 20.02302
 
Group 0 was the control group and group 1 the experimental group. The control group 
increased their June results by 15.28% from an average of 31.06% to an average of 46.34% 
in November 2002, while the experimental group increased their results by 20.65% from 
40.87% in June to 61.52% in November. Figure 3.1 on the next page represents the same 
information. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key 
 
wisk = 
mathematics 
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Figure 3.1: Means of the control group and the experimental group of the pilot study 
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A covariance analysis was used to determine whether the two groups differed on their 
November marks by adjusting their June marks to neutralize the effect of selection. The 
two groups were not selected randomly and therefore they had to be equated by the 
statistical technique. Table 3.3 below gives the result of the analysis. 
 
Table 3.3: Result of Analysis of Covariance for the pilot study of 2002 
 
 
Regression Summary for Dependent Variable: wisk_nov (Newel 1.sta)
R= .93797050 R²= .87978866 Adjusted R²= .87516514
F(2,52)=190.29 p<0.0000 Std.Error of estimate: 7.0745
N=55
Beta Std.Err.
of Beta
B Std.Err.
of B
t(52) p-level
Intercept
group
wisk_jun
11.92348 2.297449 5.18988 0.000004
0.089207 0.050715 3.58814 2.039898 1.75898 0.084464
0.905771 0.050715 1.10810 0.062044 17.85990 0.000000
 
 
 
Mathematics June 
 
Mathematics 
November 
Plot of Means and Confidence Intervals (95.%) 
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The experimental group then gained on average only 3.59 percentage points above the 
control group on their end-of-year results when they were set equal on their June results. 
The p-value of 0.084 indicates that the difference is not significant on the 5% level, but on 
the 10% level the gain was significant. 
 
The two graphs that follow tested that the regression residuals did not form a systematic 
pattern and that the residuals were not too far from the “normal” distribution. 
 
Figure 3.2: Regression residual pattern for the pilot study of 2002 
Predicted vs. Residual Scores
Dependent variable: wisk_nov
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Figure 3.3: Distribution of raw residuals of the pilot study 
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The researcher expected the experimental group to gain more by the intervention and 
wanted to find out why the experimental group did not benefit more from the Master Maths 
programme. During the pilot study the researcher became aware of the fact that some 
learners struggled more than other learners in using the computer based training programme 
of Master Maths, and the researcher wanted to determine which factors caused that to 
happen. The learners’ proficiency in English was a factor in their ability to read and 
understand the information and the instructions on the computer monitor screens. The 
learners’ prior experience with computers played a big role in their ability to work with the 
mouse and to type on the keyboard. See section 3.5.2.2 for the specific computer skills that 
were required. Their mathematical background also determined the pace at which they 
could progress in the computer based programme. 
 
The findings of the pilot study lead to the development of an instrument for the selection of 
the experimental group.  
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3.5.2 Development of an instrument for the selection of the experimental group 
 
The instrument that the researcher developed to select the experimental group consisted of 
two parts. The first part consisted of information about the learners’ gender, age, English 
and mathematics marks obtained from the school. The second part was a self-report 
questionnaire. The study of the relevant research literature, personal experience in the 
application of the Master Maths programme for two years at Framesby High School and 
during the pilot study, led to the construction of a self-report questionnaire. The 
questionnaire (see Appendix C) contained learner’s personal factors, computer skills and 
mathematical skills. 
 
3.5.2.1      Learner personal factors 
 
The nine factor Walberg Model (also known as the theory of educational productivity) 
(Walberg, 1992:8) served as the theoretical framework for this section on learner personal 
factors. The theory holds that these “generalizable factors are the chief influences on 
achievement and, more broadly, cognitive, affective, and behavioral learning” (Walberg, 
1992:8). The three groups with nine factors are listed below: 
 Aptitude of learners 
1. ability or prior achievement; 
2. chronological age or stage of maturation; 
3. motivation or self-concept. 
Instruction 
1.      the amount of time learners engage in learning;  
2.      the quality of instructional experience. 
Psychological environment   
1.      the “curriculum of home”; 
2.      the morale of classroom social group; 
3.      the peer group outside school; 
4.      and mass media.  
 
The theory of Walberg has guided the compilation of more than 120 research syntheses of 
8,000 comparisons in small-scale experimental and correlational studies and twenty-three 
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regression analyses of achievement obtained from (mostly national US) surveys of about 
250,000 learners in six subjects of primary and secondary school study (Walberg, 1992:12). 
 
In a study done by Reynolds and Walberg (1992:150) a structural model was described 
which identified  the same nine factors that affect seventh grade mathematics achievement 
and attitude in the US. Testing of the model with a national probability sample of 2,500 
high school learners revealed large effects by home environment and previous achievement 
and also revealed impacts of other factors, such as motivation, mathematics attitude, peer 
environment, amount and quality of mathematics courses. 
 
In another similar study Young and Reynolds (1996:8) examined the relative importance of 
school and individual factors in the determination of science learning. Previous 
achievement was predominant in influence or importance because it represents the 
accumulation of learning over many previous school years. The environmental factors were 
measured only for that current year. Therefore, their moderate correlations and general 
statistical significance could be taken as signs of hope that if they were to be improved over  
several years, considerable learning gains would ensue. 

For prior achievement in mathematics and English, teachers were asked to provide the 
marks for the November examination of grade 11 in 2002 and the June examination of 
grade 12 in 2003, recording the marks for the two papers separately and also indicating the 
date of birth on the mark sheets. In connection with the compilation of the questionnaire 
Wilkins and Ma (2002) found the following: 
• The effects of prior mathematics achievement had an inverse relationship with 
growth; that is, higher prior achievement significantly predicted slower growth 
rates. “Considering 2 learners, 1 scoring 1 standard deviation lower on the Grade 7 
mathematics test than the other, the learner with the lower score would have a 10%, 
9%, and 7% of a standard deviation increase in the rate of growth in statistics, 
algebra, and geometry, respectively, per year in high school” (2002:7). 
 
• Younger learners had significantly higher growth rates than did older learners in the 
content areas statistics, algebra and geometry. A difference in age of one year for 
learners in the same grade would be related to an increase per year of 4%, 5%, and 
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4% of a standard deviation in the rate of growth for statistics, algebra and geometry, 
respectively (2002:8). 
 
• That learners’ mathematics self-concept was not related to high school growth, but 
that educational aspirations had a significant positive relationship with growth, 
suggesting that learners with high expectations to continue their education would 
grow at a faster rate (2002:8). 
 
• Parental influence had a significant positive relationship with learner growth in 
algebra and geometry, while the influence of peers on growth was not evident for 
high schools, nor did exposure to books and newspapers or amount of time spent on 
doing homework relate to high school growth (2002:8). 
 
• Teachers and parents seem to have important influences on learner growth in high 
school (2002:9). 
 
The researcher decided to include items covering all nine factors of Walberg’s theory, 
because they were found to be important by other research studies done by Iverson & 
Walberg (1982), Reynolds & Walberg (1992) and Young and Reynolds (1996). 
 
Questions 1 to 28 of the questionnaire covered learner personal factors including 
biographical information and items on: self-concept in mathematics; attitude towards 
mathematics; educational aspirations; items related to environmental factors such as 
parental influence, teacher push, influence of peers, exposure to books and newspapers; and 
time spent on homework per week for all subjects. 
 
Selection of the experimental group depended on learners’ willingness to attend the 
Saturday sessions. Only six learners were not willing to attend the Saturday sessions and 
they were included in the control group. Thirteen males and thirteen females were selected 
to test differences in achievement between the sexes. 
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Questions 3 and 4 were grouped together as one variable slf_concept = self concept in 
mathematics. The learners responded to a 5-point Likert-type scale ranging from, A, 
strongly agree which scored five to, E, strongly disagree which scored one.The higher the 
total the better the chances of the learners were to be selected for the experimental group. 
 
Questions 5 to 14 were grouped together as one variable Attitude = attitude towards 
mathematics. Here an answer “A” scored one, while “E” scored five. The higher the total 
the better the chances of the learners were to be selected for the experimental group. 
 
Question 15 measured educational aspiration Ed_aspiration. The higher the level of 
education envisaged by the learners the better their chances were for selection. 
 
For the questions measuring environmental factors the answer “A” scored five, while an 
“E” scored one. Questions 16 to 18 were grouped as one variable Env_Friends = 
environment factor friends. Questions 19 to 22 were grouped as one variable Env_teacher 
= environment factor teacher push. Questions 23 to 25 measured parental influence and 
were grouped as one variable Env_parents, while Questions 26 and 27 measured the 
number of books and newspapers read by the learners and were called Env_read. 
 
3.5.2.2 Computer skills 
 
The Department of Education quoted the School Register of Needs (SRN) for 2000 and 
reported that over 70% of schools were still without computers. Provincial variations were 
striking. The Eastern Cape had over 90% of schools without computers for teaching and 
learning (Department of Education, 2002:15). The participating school also falls into this 
category of poorly equipped schools. 
 
Recent reports from the US suggest that learners from different socio-economic strata and 
different racial and ethnic groups have different access to computers (Kulik, 2003:3). Kulik 
continues to say that a “digital divide” separates the information-rich and the information-
poor segments of American society. The information-poor include blacks and Hispanics, 
from lower income groups and education levels, and those in rural areas or central cities. 
The digital divide is worse in households than in schools (Kulik, 2003:3). The learners 
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from the participating school also come from a central city area, New Brighton, where the 
parents are from the lower income group with low levels of education and high levels of 
unemployment. According to their principal, Mr C. Baartman, their minimum school fee 
payable is R90 per year.  
 
 
Certain basic computer skills were prerequisites for the course. In questions 29 to 49 
the following general questions were posed: 
• How often have you worked on a computer before? 
• How often have you worked with a word processor, database or spreadsheet? 
• Can you switch on a computer? 
• Can you click with a mouse? 
• Can you double click with a mouse? 
• Can you click and drag with a mouse? 
• Can you point with a cursor? 
• Can you “log on” to a network? 
• Can you read the instructions in English on the screen? 
• Do you think that the computer programme will help you to do better in 
mathematics? 
 
The following questions were posed to test proficiency in keyboarding skills: 
• Can you press control, alt and delete at the same time? 
• Can you type on the keyboard? 
• Can you type capital letters on the keyboard? 
 
Selection for the experimental group depended on exposure to computers, a variety of 
programmes used and computer skills. Questions 29 to 33 were grouped together as one 
variable under the heading Often_comp = often use of the computer. An answer “A” 
scored one, while an “E” scored five. Questions 34 to 38 were grouped together as one 
variable under the heading Often_pr = often use of a computer programme. Here again an 
answer “A” scored one, while an “E” scored five. Questions 39 to 48 were grouped 
together as one variable under the heading Competency = competent mouse and keyboard 
skills. An answer “yes” scored one, while a “no” scored zero. 
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Question 49 could not distinguish between the learners, because all the learners answered in 
the affirmative when they were asked whether the computer programme would help them 
to do better in mathematics. 
 
 
3.5.2.3       Mathematical skills 
 
 
The spiral nature of mathematics required the mastery of some basic concepts of previous 
years – especially those concepts needed in the modules to be covered by the intervention. 
It was also expected that in grade 12 mathematics, the class teachers would have covered 
the work of the previous year. Therefore some basic trigonometric and geometry concepts 
were included as test items. Questions 50 to 59 tested trigonometric concepts, while 
questions 60 to 70 tested geometry concepts. Only one answer was the correct answer and 
scored one, while the incorrect answers scored zero. The higher the score of the learners the 
better their chances were to be selected for the experimental group. Questions 50 to 59 were 
grouped together as one variable under the heading Trig_total = the total for trigonometric 
questions, while questions 60 to 70 were grouped together as one variable under the 
heading Geom_total = the total for geometry questions. 
 
In order to rectify ambiguities and problems encountered in the answering of the 
questionnaire the six mathematics teachers of Framesby High School and the statistician 
from the Port Elizabeth Technikon perused and edited the questionnaire. Then twenty 
learners at Framesby High School who had registered for the Master Maths programme (in 
the afternoons after school) answered the revised questionnaire. These learners suggested 
no further changes and the questionnaire was ready to be administered. 
 
Cassady (2001) warned against the use of self-reports by learners. According to Cassady 
(2001:1) it is a common, but risky methodological practice leading to unreliable data. 
Learners usually inflate their marks in an attempt to portray a positive image (Cassady, 
2001:2). Learners at the low-performing levels may provide higher scores because it is 
socially desirable (Cassady, 2001:6). A similar pattern of results was observed after the 
questionnaire was administered. The learners responded in a way that was expected of them 
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so that they could be selected for the programme. The first twenty-eight questions of the 
self-report questionnaire could not distinguish between the learners’ responses. The 
researcher then had to select the experimental group by taking the learners with the highest 
scores for the variables computer skills and mathematical skills. 
 
Leedy (1993:303) also indicated that in order to minimize the differences that might exist 
between the experimental and control groups, in the quasi-experimental designs, the 
researcher might attempt to match the two groups as closely as possible and on as many 
variables as possible. This was done when the control group was selected for their prior 
achievement in mathematics (MATHS02) and English (ENG02) in the final promotion 
marks at the end of 2002 of the school. For English (ENG02) the learners had to score 120 
or above out of 300 and for mathematics (MATHS02) the learners had to score 85 or above 
out of 300 to be selected for both the control group and experimental group. Twenty-six 
subjects of the experimental group were selected first by taking the learners with the 
highest scores for the variables computer skills and mathematical skills of the self-report 
questionnaire. Twenty-six subjects of the control group were then selected from the top 
right quadrant (or closest to that quadrant) of the scatter-plot graph in Figure 3.4 on the next 
page. Note that the symbol
0
E represents a learner from the experimental group and that the 
symbol
0
C represents a learner from the control group and that learners from the top right 
quadrant were either from the experimental group or from the control group. 
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Figure 3.4: Scatter-plot graph of the selected groups of this study 
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3.5.3 The intervention 
 
See chapter 5 for a detailed description of what happened during each session with the 
experimental group from the participating school working on the Master Maths programme 
at Framesby High School. 
 
Two mini buses transported the learners from the school to Framesby High School for 
twelve sessions of three hours each during August, September and October 2003. See the 
end of chapter 2 for the selected modules from the Master Maths programme which formed 
part of the intervention. The pilot study section on algebra was left out for the present 
study, because the trigonometric and geometry sections took up all the available time. 
 
The modules had a computerized multi-media component and instruction was done with 
voice and animated illustrations of approximately twenty minutes per module. Learners 
57
 
could move around freely within a module by way of a menu and progress at their own 
pace. The feedback for the modules was immediate. 
 
The tests modules, with their four types of questions for each test (multiple choice; 
true/false; yes/no and text typing) did not provide immediate feedback to the learners. The 
tests were assessment tools for the tutor to determine progress or lack thereof. After a 
learner had completed a test module he/she could view the results on the monitor screen of 
the server and the researcher discussed the results with each learner. The results showed 
which question a learner answered incorrectly and the researcher worked through the 
correct answer to that question with each learner. 
 
During the September examination of the school the learners preferred to use two Saturdays 
to study for the subject to be written on the following Monday and this led to the extension 
of the project into the holidays. Originally the time spent on the system was going to be 
measured by the programme and given in minutes in the activity report, but the actual times 
recorded were inaccurate and could not be used. See Figure 5.8 in paragraph 5.3.3.1 of 
chapter 5 for an example of an activity report with faulty time calculations. All the learners 
did not spend the same time on the system since they were “bussed” in. Some learners were 
absent on certain days. The researcher kept attendance records and measured time spent on 
the system by the number of hours spent in the computer laboratory. 
 
3.6 DATA COLLECTION 
 
This section will give information on data collection for both the pre-test and the post-test. 
 
3.6.1 Data collected for the pre-test 
Data collection for the pre-test of the present study took place at the end of the second 
school term in 2003. The 133 Standard Grade learners from the school in Port Elizabeth 
completed the self-report questionnaire (see Appendix C for scoring method). The 
researcher obtained the June English and mathematics examination marks from the school 
and used that together with the scores on the computer skills and mathematical skills to 
select the experimental group of twenty-six learners to work in the computer laboratory at 
Framesby High School. The control group of twenty-six learners was selected by trying to 
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match both the marks for English and mathematics of December the previous year with that 
of the experimental group. The researcher could not use the June 2003 examination marks 
to match the two groups, because the June 2003 marks were used as one of the independent 
variables in the statistical correlation with the marks of the relevant questions of Paper 2 of  
November 2003. It is not statistically correct to use the independent variable as the 
selection criteria as well. 
 
3.6.2 Data collected for the post-test 
 
The researcher collected the post-test data from the Provincial Marking Centre in Somerset 
East in December of 2003. The raw marks for mathematics for each candidate of the school 
were photocopied. See Appendix G for the letter of permission obtained from the Eastern 
Cape Education Department. 
 
3.7 DATA ANALYSIS 
 
This study will determine whether a relationship exists between the dependent variable, 
mathematics achievement in the end-of-year examination in grade 12, and the independent 
variables, prior achievement in mathematics and English. This study will determine 
whether one or more independent variables are responsible for changes in the dependent 
variable. 
 
The independent variables were defined as ENGJ03 = English marks of June 2003 and 
MATHSJII = mathematics marks of June 2003. The dependent variable was defined as  
Vr2 = Paper 2 of the National Mathematics Examination. The dependent variable Vr2 = 
Paper 2 was further divided into Totaal = Total and V2_q4 = question 4 of Paper 2; V2_q6 
= question 6 of Paper 2; V2_q7 = question 7 of Paper 2; V2_q8 = question 8 of Paper 2 and 
V2_q9 = question 9 of Paper 2. 
 
The independent variables of age, gender and time spent on the intervention were also 
considered. There were three age groups, viz.: young, right and old.  Learners born in 1986 
were placed in the young group; learners born in 1985 or 1984 were placed in the right  
group and learners born in 1980 to 1983 were placed in the old group. Time spent on the 
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system was measured in hours. A maximum of thirty-six hours for the twelve three-hour 
sessions could be obtained.  
Analysis of variance (ANOVA) is used to uncover the main and interaction effects of the 
independent variables (ENGJ03 = English marks of June 2003 and  
MATHSJII = mathematics marks of June 2003) on the dependent variable (Vr2 = Paper 2 
of the National Mathematics Standard Grade Examination).  A "main effect" is the direct 
effect of an independent variable on the dependent variable.  An "interaction effect" is the 
joint effect of two or more independent variables on the dependent variable.  In the case of 
only one factor, there is only one main effect and no interaction effects (Turner and Thayer, 
2001). 
 
The key statistic in ANOVA is the F-test of difference of group means, testing if the 
means of the groups are different enough not to have occurred by chance.  In the one-factor 
case, if the group means do not differ significantly then it is inferred that the independent 
variable did not have an effect on the dependent variable.  If the F-test shows that overall 
the independent variable is related to the dependent variable, then Post Hoc tests of 
significance are used to explore between which groups (if there are more than two) the 
significant differences are (Turner and Thayer, 2001). 
 
Some of the key assumptions are that the groups be relatively equal in size and have similar 
variances on the dependent variable ("homogeneity of variances").  ANOVA also assumes 
that the dependent variable has a normal distribution for each group (Turner and Thayer, 
2001). 
 
The F-test is a test of the null hypothesis that group means on the dependent variable do 
not differ.  F is calculated as the between-groups mean square variance divided by within-
groups mean square variance.  (Between-groups variance is the variance of the set of group 
means from the overall mean of all observations.  Within-groups variance is a function of 
the variances of the observations in each group weighted for group size.)  That is, the logic 
of the F-test is that the larger the ratio of between-groups variance to within-groups 
variance, the less likely that the null hypothesis is true.  If the computed F-value is close to 
one, differences in group means are only random variations.  If the computed F-score is 
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significantly greater than one, then there is more variation between groups than within 
groups, from which it is inferred that the grouping variable does make a difference. If the  
F-score is well above one, it is significant, using k-1 (number of groups minus one) degrees 
of freedom for between-groups and n-k (sample size minus the number of groups) for 
within-groups degrees of freedom.  If F is significant, the conclusion is that there are 
differences in group means, indicating that the independent variable has an effect on the 
dependent variable (Turner and Thayer, 2001). 
 
Gall, Borg, and Gall (1996 as cited in Kirk, 2003:39) suggested another way to compensate 
for the initial group differences, viz.: by the analysis of covariance technique. Analysis of 
covariance reduces the effects of initial group differences statistically by making 
compensating adjustments of final means on the dependent variable. Analysis of 
covariance (ANCOVA) tests for different effects within levels of an independent variable 
on a dependent variable, controlling for the effects of selection. The control variable is the 
"covariate" and there may be more than one.  Like other control procedures, ANCOVA is a 
form of "what if" analysis, asking what would happen if all cases scored equally on the 
covariates, so that the effect of the factors over and beyond the covariates could be isolated 
(Wildt and Ahtola, 1978). 
 
The F-test of significance tests the main and interaction effects, for the case of a single 
interval dependent and groups formed by a categorical independent variable.  F is between-
groups mean square, a measure of the variation between the groups, divided by within-
groups mean square, a measure of the variation within the groups.  If the computed F-score 
is greater than one, then there is more variation between groups than within groups, from 
which it is inferred that the grouping variable does make a difference.  If the F-score is 
much greater than one, it is significant in a table of F-values, using df (degrees of freedom) 
= k-1 and df = N-(k-1), where N is sample size and k is the number of groups (Wildt and 
Ahtola, 1978). 
 
See chapter 4 for the implementation of the technique of analysis of covariance and the 
assumptions that should be satisfied for the analysis to be valid. 
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3.8 CONCLUSION 
 
This chapter described the methodology and procedures used in this study. The results of 
the quantitative and qualitative findings to be discussed in the next two chapters 
respectively, will indicate whether the methods and procedures employed could help to 
answer the research questions. 
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CHAPTER 4 
 
RESULTS OF THE QUANTITATIVE RESEARCH 
 
4.1 INTRODUCTION 
 
The purpose of this study was to determine whether an ILS, as a supplement to traditional 
mathematics instruction, had an effect on mathematics achievement as measured by Paper 2 
of the National Examinations for Mathematics Standard Grade in grade 12. 
 
This chapter is organized into six sections, each of which is associated with one or more of 
the sub-focuses mentioned in 1.8 of chapter 1. The main research question will be discussed 
in 4.5, while sub-questions two and three will be discussed in chapter 5. The items of the 
self-report questionnaire are discussed in section 4.2. Section 4.3 covers prior knowledge of 
mathematics and English while section 4.4 deals with age, gender and time spent on the 
intervention. Section 4.5 covers ILS use and its effect on mathematics achievement, while 
section 4.6 compares the results of the pilot study with the results of the present study. 
Section 4.7 is a summary of the findings of the quantitative research. 
 
4.2 SELF-REPORT QUESTIONNAIRE 
 
The aim of the instrument designed by the researcher was to select an experimental group 
that would experience fewer problems with the computer programme of Master Maths than 
participants in the pilot study. The instrument consisted of two parts. The self-report 
questionnaire formed one part of the instrument and will now be discussed in terms of 
trying to find an answer to the first sub-focus.  
 
Sub-focus 1 
Which items of the self-report questionnaire could be correlated with mathematics 
achievement as measured by the Standard Grade Paper 2 marks of grade 12 learners in the 
National Examinations for Mathematics. 
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The items of the self-report questionnaire were discussed and grouped into variables in 
chapter 3. The self-report questionnaire consisted of three parts, viz.: personal factors, 
computer skills and mathematical skills. 
 
Table 4.1 below summarizes the descriptive statistics including the means and standard 
deviations for each of the independent variables of the experimental group: 
 
Table 4.1: Descriptive statistics for the experimental group 
 
Descriptive Statistics (Experimental group)
Variable Valid N Mean Minimum Maximum Std.Dev.
ENG02
MATHS02
ENGJ03
MATHSJII
slf_concept
Attitude
Ed_aspiration
Env_friends
Env_teacher
Env_parents
Env_read
Homework
Often_comp
Often_pr
Competency
Trig_total
Geom_total
V2
V2_q4
V2_q6
V2_q7
V2_q8
V2_q9
26 179.8462 149.0000 210.0000 18.86095
26 134.7308 102.0000 215.0000 35.02063
25 178.7200 112.0000 218.0000 23.77590
26 36.1154 6.0000 71.0000 17.64614
26 8.0385 6.0000 10.0000 1.03849
26 35.5769 14.0000 50.0000 10.49637
26 4.3846 1.0000 5.0000 0.89786
26 12.0769 8.0000 15.0000 2.20768
26 18.0385 14.0000 20.0000 1.86506
26 13.0769 5.0000 15.0000 2.38198
26 6.7308 3.0000 10.0000 1.95054
26 6.1538 1.0000 13.5000 4.27263
26 6.2308 4.0000 20.0000 3.26567
26 9.4231 5.0000 25.0000 4.25369
26 6.6923 1.0000 10.0000 2.37940
26 7.1538 4.0000 10.0000 1.37673
26 7.8846 4.0000 11.0000 1.81828
26 52.8462 19.0000 125.0000 23.60287
26 4.2692 0.0000 10.0000 2.61622
26 5.1154 0.0000 17.0000 4.58106
26 5.9231 0.0000 17.0000 3.85666
26 4.2308 0.0000 17.0000 4.04285
26 3.9615 0.0000 11.0000 3.19350
 
 
Table 4.2 on the next page summarizes the descriptive statistics including the means and 
standard deviations for each of the independent variables of the control group: 
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Table 4.2: Descriptive statistics for the control group 
Descriptive Statistics (Control group)
Variable Valid N Mean Minimum Maximum Std.Dev.
ENG02
MATHS02
ENGJ03
MATHSJII
slf_concept
Attitude
Ed_aspiration
Env_friends
Env_teacher
Env_parents
Env_read
Homework
Often_comp
Often_pr
Competency
Trig_total
Geom_total
V2
V2_q4
V2_q6
V2_q7
V2_q8
V2_q9
26 152.0769 120.0000 186.0000 16.26757
26 112.1923 79.0000 166.0000 22.94867
25 154.2800 124.0000 207.0000 21.30829
26 22.4615 2.0000 54.0000 11.94732
26 7.3077 4.0000 10.0000 1.49048
26 36.6538 20.0000 50.0000 7.47766
26 4.0769 1.0000 5.0000 1.26248
25 12.7200 7.0000 15.0000 1.86011
25 19.2000 16.0000 20.0000 1.08012
25 13.6000 10.0000 15.0000 1.55456
25 6.4800 2.0000 9.0000 1.71075
26 4.5192 1.0000 13.5000 3.80915
26 5.3846 4.0000 15.0000 2.60886
26 8.0385 5.0000 20.0000 4.41344
26 4.3462 0.0000 9.0000 2.97916
26 5.7692 1.0000 9.0000 2.08437
26 6.8077 2.0000 9.0000 1.67378
26 35.3077 9.0000 86.0000 19.11182
26 1.9231 0.0000 6.0000 2.17114
26 2.5000 0.0000 13.0000 3.63593
26 2.6154 0.0000 11.0000 2.81534
26 2.6923 0.0000 12.0000 3.35582
26 2.5385 0.0000 7.0000 2.00461
 
 
 
Table 4.3 on the next page gives the correlation of each independent variable with the 
dependent variables for the experimental group. 
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Table 4.3: Correlations between independent and dependent variables 
       for the experimental group 
 
Correlations (Experimental group)
Marked correlations are significant at p < .05000
N=26 (Casewise deletion of missing data)
Variable V2 V2_q4 V2_q6 V2_q7 V2_q8 V2_q9
MATHSJII
slf_concept
Attitude
Ed_aspiration
Env_friends
Env_teacher
Env_parents
Env_read
Homework
Often_comp
Often_pr
Competency
Trig_total
Geom_total
Cl_AE
Cl_IL
Cl_CQ
Cl_C
Cl_O
Time
0.72 0.33 0.52 0.64 0.74 0.62
0.32 0.19 0.12 0.39 0.24 0.19
-0.29 -0.22 -0.27 -0.23 -0.11 -0.04
0.21 0.24 -0.01 0.25 0.26 -0.02
0.11 -0.18 0.18 0.01 0.10 0.31
0.24 0.21 0.03 0.16 0.20 0.23
0.13 -0.09 -0.12 0.21 0.24 0.33
0.13 0.19 0.05 0.15 -0.06 0.08
0.11 0.16 0.01 0.14 0.05 -0.21
0.04 0.11 -0.22 -0.04 0.08 -0.13
0.03 0.05 -0.18 0.07 0.09 0.00
0.33 0.31 0.18 0.11 0.39 0.25
0.23 -0.10 0.27 0.23 0.24 0.16
0.34 -0.04 0.29 0.32 0.41 0.21
0.07 -0.24 0.06 0.25 0.01 0.04
-0.09 -0.20 -0.13 0.07 -0.11 -0.03
0.09 -0.11 0.07 -0.08 0.03 -0.03
0.18 0.38 -0.04 0.18 0.20 0.03
0.06 0.12 0.08 0.00 -0.12 -0.12
0.43 0.07 0.37 0.38 0.21 -0.22
 
For the experimental group the variable self-concept in mathematics (slf_concept) 
correlated significantly with question 7 of the second paper of November 2003 (V2_q7), 
while the variables competency in computer skills (Competency) and geometry total 
(Geom_total) correlated significantly with question 8 of the second paper of November 
2003 (V2_q8). 
 
 
Table 4.4 on the next page gives the correlation of each independent variable with the 
dependent variables for the control group. 
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Table 4.4: Correlations between independent and dependent variables 
       for the control group 
 
Correlations (Control group)
Marked correlations are significant at p < .05000
Variable V2 V2_q4 V2_q6 V2_q7 V2_q8 V2_q9
MATHSJII
slf_concept
Attitude
Ed_aspiration
Env_friends
Env_teacher
Env_parents
Env_read
Homework
Often_comp
Often_pr
Competency
Trig_total
Geom_total
0.48 0.13 0.20 0.30 0.36 0.56
0.41 0.13 0.35 0.43 0.24 0.45
-0.31 0.19 -0.45 -0.06 -0.31 -0.24
0.05 -0.46 0.20 -0.01 0.02 0.17
0.22 0.02 0.07 0.05 0.21 0.24
0.07 0.23 0.24 0.17 0.34 -0.06
0.28 0.13 0.28 0.29 0.34 0.22
-0.10 -0.24 -0.09 -0.15 -0.13 0.38
-0.01 -0.17 -0.01 -0.07 -0.19 0.34
-0.03 -0.23 -0.25 0.16 -0.18 0.14
-0.07 -0.21 -0.25 0.22 -0.18 0.04
-0.26 -0.29 -0.32 -0.10 -0.38 0.05
0.38 0.08 0.22 0.43 0.33 0.19
0.12 -0.05 0.12 0.11 0.08 0.39
 
 
For the control group the variable self-concept in mathematics (slf_concept) correlated 
significantly with the total for Paper 2 (V2) and questions 7 (V2_q7) and 9 (V2_q9), of the 
second paper of November 2003. The variable attitude towards mathematics (Attitude) 
correlated with question 6 (V2_q6) while the variable educational aspiration 
(Ed_aspiration) correlated with question 4 (V2_q4). The variables trigonometry total 
(Trig_total) and geometry total (geom_total) correlated significantly with question 7 
(V2_q7) and question 9 (V2_q9) respectively of Paper 2 of November 2003.  
 
Table 4.5 on the next page gives the correlations of each of the questions of the 
mathematics section of the self-report questionnaire. 
 
 
 
 
 
 
 
 
 
 
 
67
 
Table 4.5: Correlations of each mathematical question (Q50 – Q70) with the 
dependent variables of the experimental group 
 
Correlations (Experimental group)
Marked correlations are significant at p < .05000
N=26 (Casewise deletion of missing data)
Variable V2 V2_q4 V2_q6 V2_q7 V2_q8 V2_q9
Q50
Q51
Q52
Q53
Q54
Q55
Q56
Q57
Q58
Q59
Q60
Q61
Q62
Q63
Q64
Q65
Q66
Q67
Q68
Q69
Q70
0.17 -0.06 0.14 -0.00 0.21 -0.07
0.22 -0.20 0.28 0.15 0.08 -0.24
0.20 0.09 -0.10 0.33 0.25 -0.13
-0.11 0.09 0.06 -0.11 -0.02 -0.01
0.10 -0.20 0.13 0.16 0.08 0.09
0.04 0.17 0.18 -0.06 -0.03 0.16
0.26 -0.08 0.08 0.30 0.35 0.30
-0.36 -0.24 -0.29 -0.20 -0.25 -0.00
0.02 -0.15 0.01 0.02 0.05 -0.00
0.25 0.04 0.37 0.18 0.17 0.26
0.33 -0.03 0.20 0.22 0.31 0.09
0.27 0.10 0.28 0.25 0.40 0.44
0.24 0.24 0.16 0.04 0.33 0.23
0.27 -0.04 0.30 0.33 0.27 0.16
-0.17 -0.17 -0.28 0.04 -0.06 -0.10
0.14 -0.03 -0.06 0.15 0.27 0.27
-0.01 -0.04 0.07 0.05 0.09 -0.16
0.31 -0.14 0.38 0.26 0.04 0.15
0.36 0.31 0.34 0.30 0.33 -0.01
-0.13 -0.30 -0.09 -0.13 -0.05 -0.04
 
 
Question 60 was answered correctly by all the learners and was removed from the data. 
For the experimental group only question 62 of the mathematics section of the self-report 
questionnaire correlated with question 8 (V2-q8), and 9 (V2-q9), of the second paper of the 
final examination; while the variable geometry total from Table 4.3 also correlated 
significantly with question 8 (V2-q8), of the second paper of November 2003. 
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Table 4.6: Correlations of each mathematical question (Q50 – Q70) with the 
dependent variables of the control group 
Correlations (Control group)
Marked correlations are significant at p < .05000
Variable V2 V2_q4 V2_q6 V2_q7 V2_q8 V2_q9
Q50
Q51
Q52
Q53
Q54
Q55
Q56
Q57
Q58
Q59
Q60
Q61
Q62
Q63
Q64
Q65
Q66
Q67
Q68
Q69
Q70
0.48 0.21 0.28 0.36 0.34 0.10
0.26 0.02 0.23 0.42 0.11 0.10
0.22 0.20 0.01 0.28 0.08 -0.05
0.11 -0.23 0.15 0.25 0.17 0.01
-0.17 -0.28 -0.28 0.01 -0.31 0.22
-0.09 -0.21 -0.12 0.07 -0.01 0.02
0.11 0.08 0.07 0.06 0.24 0.18
0.31 0.26 0.18 0.29 0.34 0.03
0.25 0.26 0.21 0.25 0.22 0.38
0.20 -0.01 0.24 -0.03 0.27 -0.06
0.10 0.02 0.23 0.20 0.21 -0.10
-0.16 -0.42 0.04 0.17 -0.11 -0.07
0.06 -0.37 0.17 0.05 -0.12 0.24
0.24 0.12 0.27 -0.03 0.04 0.12
0.03 0.02 0.00 0.02 -0.08 0.10
0.03 0.29 -0.02 0.02 0.09 -0.06
-0.05 -0.02 -0.09 0.07 0.05 -0.05
0.16 -0.11 0.27 0.28 -0.02 0.16
0.11 0.14 -0.02 0.05 0.19 0.31
-0.30 -0.03 -0.36 -0.20 -0.13 0.19
0.10 -0.00 -0.05 -0.14 0.12 0.43
 
For the control group questions 50, 51, 61 and 70 of the mathematics section of the self-
report questionnaire correlated with the total for Paper 2 (V2), question 7 (V2_q7), 
question 4 (V2_q4),  and question 9 (V2-q9) respectively of the second paper of the final 
examination. 
 
4.3 PRIOR KNOWLEDGE OF MATHEMATICS AND ENGLISH 
 
The second part of the instrument designed to select the two groups consisted of data 
received from the school, viz.: June examination results of 2003 for English and 
mathematics. A discussion of sub-focuses two and three follows. 
 
Sub-focus 2 
Can prior achievement in English language, as measured by the June results of the same 
year, be correlated with a learner’s performance in mathematics - with more proficient 
English learners achieving higher mathematics scores? 
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Sub-focus 3 
Can prior achievement in mathematics, as measured by the June results of the same year, be 
correlated with a learner’s performance in mathematics - with more proficient mathematics 
learners achieving higher mathematics scores? 
 
Table 4.7 below gives the correlations among the variables for the experimental group. 
 
Table 4.7: Within-group correlations among the variables of the experimental group 
 
Within-Group Correlations
Group: Experimental
Marked correlations are significant at p < .05000
Variables ENGJ03 MATHSJII Vr2
ENGJ03
MATHSJII
Vr2
1.000000 0.317457 0.509466
0.317457 1.000000 0.718317
0.509466 0.718317 1.000000
 
Table 4.8 below gives the correlations among the variables for the control group. 
 
Table 4.8: Within-group correlations among the variables of the control group 
 
Within-Group Correlations
Group: Control
Marked correlations are significant at p < .05000
Variables ENGJ03 MATHSJII Vr2
ENGJ03
MATHSJII
Vr2
1.000000 0.384302 0.513627
0.384302 1.000000 0.484080
0.513627 0.484080 1.000000
 
 
The independent variables English marks of June 2003 (ENGJ03) and mathematics marks 
of June 2003 (MATHSJII) significantly correlated with the dependent variable, Paper 2 of 
the National Mathematics Examination of November 2003, (Vr2). This means that the 
English and mathematics marks of the June examination could serve as predictors of 
success in the end-of-year examination for both experimental and control groups. 
 
The dependent variable Vr2 was further divided into Totaal = Total and  
V2_q4 = question 4 of Paper 2; V2_q6 = question 6 of Paper 2; V2_q7 = question 7 of 
Paper 2; V2_q8 = question 8 of Paper 2 and V2_q9 = question 9 of Paper 2. 
 
Table 4.9 on the next page gives the correlations among the above named variables of the 
experimental group. 
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Table 4.9: Correlations among the variables of the experimental group 
 
Correlations (Experimental group)
Marked correlations are significant at p < .05000
Variable Vr2 Totaal V2_q4 V2_q6 V2_q7 V2_q8 V2_q9
ENGJ03
MATHSJII
Trig_total
Geom_total
Time
0.51 0.57 0.22 0.51 0.49 0.50 0.28
0.72 0.72 0.33 0.52 0.64 0.74 0.62
0.23 0.19 -0.10 0.27 0.23 0.24 0.16
0.34 0.31 -0.04 0.29 0.32 0.41 0.21
0.43 0.37 0.07 0.37 0.38 0.21 -0.22
 
 
Table 4.10 below gives the correlations among the above named variables of the control 
group. 
 
Table 4.10: Correlations among the variables of the control group 
 
Correlations (Control group)
Marked correlations are significant at p < .05000
Variable Vr2 Totaal V2_q4 V2_q6 V2_q7 V2_q8 V2_q9
ENGJ03
MATHSJII
Trig_total
Geom_total
0.51 0.50 0.16 0.48 0.25 0.62 0.23
0.48 0.42 0.13 0.20 0.30 0.36 0.56
0.38 0.31 0.08 0.22 0.43 0.33 0.19
0.12 0.09 -0.05 0.12 0.11 0.08 0.39
 
 
The independent variable English marks for June 2003 (ENGJ03) correlated significantly 
(on the 5% level) with the dependent variable total for Paper 2 (Vr2) and the total of Papers 
I and II (Totaal) as well as with all the relevant questions in Paper 2, except for question 4 
(V2_q4) and question 9 (V2_q9), of the National Mathematics Examination of November 
2003. This means that the English marks of the June examination could serve as a predictor 
of success in the end-of-year examination for both experimental and control groups. 
 
The independent variable MATHSJII (mathematics marks of June 2003) significantly 
correlated (on the 5% level) with the dependent variable Vr2 and the total of Papers I and II 
(Totaal) as well as with all the relevant questions in Paper 2, except for question 4 
(V2_q4),  of the National Mathematics Examination of November 2003. This means that 
the mathematics marks of the June examination could serve as a predictor of success in the 
end-of-year examination for both experimental and control groups. In summary, prior 
achievement in English and mathematics as measured by the June results of the same year 
served as predictors of success in the end-of-year examination with no influence of the ILS 
intervention. 
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The information received from the school also included the learners’ age and gender, and 
will be discussed in the next section together with time spent on the intervention. 
 
4.4 AGE, GENDER AND TIME SPENT ON THE INTERVENTION 
 
 Sub-focus four covered the independent variables age, gender, and time spent on the 
ILS.   
 
Sub-focus 4 
Can age, gender and time spent on the ILS be correlated with a learner’s performance in 
mathematics? 
(See chapter three for descriptions of the independent variables, age, gender and time 
spent on the ILS). 
 
Table 4.11below summarizes the descriptive statistics of the experimental group for age. 
 
Table 4.11: Summary of descriptive statistics for the independent variable, age, of the 
experimental group 
 
2-Way Tables of Descriptive Statistics (Experimental group)
N=26 (No missing data in dep. var. list)
Age_group
Vr2
Means
Vr2
N
Vr2
Std.Dev.
Young
Right
Old
All Grps
68.14286 7 29.72333
50.43750 16 17.64074
30.00000 3 18.19341
52.84615 26 23.60287
 
 
Table 4.12 on the next page used the Analysis of Variance technique to determine the age 
association with the dependent variable Vr2 (Paper 2 of the National Mathematics 
Examination of November 2003). 
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Table 4.12: Age association with the dependent variable of the experimental group  
                  (ANOVA used) 
 
Analysis of Variance (Experimental group)
Marked effects are significant at p < .05000
Variable
SS
Effect
df
Effect
MS
Effect
SS
Error
df
Error
MS
Error
F p
Vr2 3296.590 2 1648.295 10630.79 23 462.2085 3.566129 0.044772
 
 
 
A significant difference (5% level) between the overall means of age groups in the 
experimental group was found. The Post Hoc test of significance, least significant 
difference (LSD), was used to explore which groups differed significantly. Table 4.13 
below gives the summary of the findings of the Post Hoc test. 
 
Table 4.13: Findings of Post Hoc test 
 
LSD Test; Variable: Vr2 (Experimental group)
Marked differences are significant at p < .05000
Age_group
{1}
M=68.143
{2}
M=50.438
{3}
M=30.000
Young    {1}
Right    {2}
Old      {3}
0.082221 0.017081
0.082221 0.144417
0.017081 0.144417
 
 
In Table 4.13 the letter M represents the means of the different age groups given previously 
in Table 4.11. The Post Hoc test indicated that only the old group differed significantly 
from the young group in the experimental group. 
 
No significant differences (5% level) between the means of the age groupings in the control 
group were found as tables 4.14 and 4.15 below indicate. 
 
 
 
 
Key: 
SS  Sum of squares;    df  degrees of freedom;    MS  mean squares; 
F  the value used in the F-test;   p  exceedance probability of the F-value 
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Table 4.14: Summary of descriptive statistics for the control group 
 
2-Way Tables of Descriptive Statistics (Control group)
N=26 (No missing data in dep. var. list)
Age_group
Vr2
Means
Vr2
N
Vr2
Std.Dev.
Young
Right
Old
All Grps
34.33333 6 24.47584
40.90909 11 21.73686
29.11111 9 9.45310
35.30769 26 19.11182
 
 
 
Table 4.15: Age association with the dependent variable of the control group  
(ANOVA used) 
 
Analysis of Variance (Control group)
Marked effects are significant at p < .05000
Variable
SS
Effect
df
Effect
MS
Effect
SS
Error
df
Error
MS
Error
F p
Vr2 696.4071 2 348.2036 8435.131 23 366.7448 0.949444 0.401607
 
 
Table 4.16 below summarizes the descriptive statistics for gender. 
 
Table 4.16: Summary of descriptive statistics for gender in the experimental group 
 
2-Way Tables of Descriptive Statistics (Experimental group)
N=26 (No missing data in dep. var. list)
Gender
Vr2
Means
Vr2
N
Vr2
Std.Dev.
Male
Female
All Grps
52.85714 14 28.48713
52.83333 12 17.52314
52.84615 26 23.60287
 
 
Table 4.17 below used the Analysis of Variance technique to determine if the independent 
variable gender could be associated with the dependent variable Vr2 (Paper 2 of the 
National Mathematics Examination of November 2003). 
 
Table 4.17: Gender association with the dependent variable of the experimental group 
(ANOVA used) 
 
 
Analysis of Variance (Experimental group)
Marked effects are significant at p < .05000
Variable
SS
Effect
df
Effect
MS
Effect
SS
Error
df
Error
MS
Error
F p
Vr2 0.003663 1 0.003663 13927.38 24 580.3075 0.000006 0.998016
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There was no significant difference (5% level) between the means of the gender groups in 
the experimental group. 
 
Tables 4.18 and 4.19 below indicate that for the control group there was the same non-
significant difference (5% level) between means of gender groups. 
 
Table 4.18: Summary of descriptive statistics for gender in the control group 
 
2-Way Tables of Descriptive Statistics (Control group)
N=26 (No missing data in dep. var. list)
Gender
Vr2
Means
Vr2
N
Vr2
Std.Dev.
Male
Female
All Grps
36.50000 12 12.46450
34.28571 14 23.84381
35.30769 26 19.11182
 
 
Table 4.19: Gender association with the dependent variable of the control group  
 
Analysis of Variance (Control group)
Marked effects are significant at p < .05000
Variable
SS
Effect
df
Effect
MS
Effect
SS
Error
df
Error
MS
Error
F p
Vr2 31.68132 1 31.68132 9099.857 24 379.1607 0.083556 0.775017
 
 
The independent variable time spent on the ILS also correlated with the results for Vr2 
(Paper 2 of the National Mathematics Examination of November 2003), but not for the 
individual questions as indicated by Table 4.8 above. This means that the more time a 
learner had spent on the Master Maths programme the better his/her chances were to 
achieve higher marks in the Mathematics Paper 2 of the National Mathematics Examination 
of November 2003. The researcher wanted to 
 
 
4.5 ILS USE AND ITS EFFECT ON MATHEMATICS ACHIEVEMENT 
 
Next in this section is an attempt to answer the main research question after the application 
of two statistical techniques to the data, together with the tests for their necessary 
assumptions. 
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Main research question  
What is the impact of ILS use on the raw marks of Mathematics Standard Grade Paper 2 
learners in grade 12 in the National Examinations for Mathematics. 
 
In this section the null hypothesis will be tested by the statistical techniques of analysis of 
variance (ANOVA) and analysis of covariance (ANCOVA). 
Null hypothesis: There is no significant difference between the experimental group and the 
control group after the experimental group was subjected to the Master Maths programme 
as the intervention. 
 
Table 4.20 below summarizes the descriptive statistics for the two independent variables 
English June 2003 (ENGJ03) and mathematics June 2003 (MATHSJII) and the dependent 
variable Paper 2 of the National Mathematics Examination (Vr2). 
 
Table 4.20: Summary of descriptive statistics of the three main variables 
 
Breakdown Table of Descriptive Statistics
Smallest N for any variable: 50
group ENGJ03
Means
ENGJ03
N
ENGJ03
Std.Dev.
MATHSJII
Means
MATHSJII
N
MATHSJII
Std.Dev.
Vr2
Means
Vr2
N
Vr2
Std.Dev.
Experimental 178.7200 25 23.77590 36.11538 26 17.64614 52.84615 26 23.60287
Control 154.2800 25 21.30829 22.46154 26 11.94732 35.30769 26 19.11182
All Grps 166.5000 50 25.52730 29.28846 52 16.43566 44.07692 52 23.03352
 
The information in Table 4.20 can be presented by Box and Whisker plot graphs, as in 
Figures 4.1, 4.2 and 4.3 on the next two pages, for a visual comparison. 
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Figure 4.1:  Box and Whisker graph of the distribution of the variable ENGJ03                
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Figure 4.2: Box and Whisker graph of the distribution of the variable MATHSJII 
Categ. Box & Whisker Plot: MATHSJII
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Figure 4.3: Box and Whisker graph of the distribution of the variable Vr2 
Categ. Box & Whisker Plot:      Vr2
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Analysis of covariance (ANCOVA) was used to test for different effects within levels of 
the independent variables on the dependent variable, by controlling for the effects of 
selection of the experimental and control groups. The control variable is called the 
covariate.  Like other control procedures, ANCOVA can be seen as a form of "what if" 
analysis, asking what would happen if all cases scored equally on the covariates, so that the 
effect of the main factors could be isolated (Wildt and Ahtola, 1978). 
 
Four assumptions must be satisfied for the analysis of ANCOVA to be valid: 
Homogeneity of variances - the variances should not differ too much within the groups.   
Normal distribution within groups - the dependent variable should be normally 
distributed within groups.  Deviations from this assumption are unimportant according to 
the central limit theorem when the group size is large (as a rule of thumb, n > 20). In this  
study n = 26. 
No covariate outliers - ANCOVA is highly sensitive to outliers in the covariates. 
Homogeneity of covariate regression coefficients - the covariate coefficients (the slopes 
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of the regression lines) are the same for each group, i.e. when separate regressions are done 
for the groups, the slopes should not differ significantly (Wildt and Ahtola, 1978). 
 
The tests to determine whether these assumptions were fulfilled follows: 
Table 4.21 below shows the summary of the statistical test done to satisfy the first 
assumption of homogeneity of variances. 
 
Table 4.21: Statistical test for the homogeneity of variances assumption 
Brown-Forsythe Test of Homog. of Variances
Marked effects are significant at p < .05000
Variable
SS
Effect
df
Effect
MS
Effect
SS
Error
df
Error
MS
Error
F p
ENGJ03
MATHSJII
Vr2
21.7800 1 21.7800 10220.72 48 212.9317 0.102286 0.750491
426.9423 1 426.9423 3859.23 50 77.1846 5.531443 0.022657
208.0000 1 208.0000 10482.00 50 209.6400 0.992177 0.324007
 
 
Although the MATHSJII-variances are significantly different, it is not serious since 
ANCOVA is robust against this violation if the group sizes are equal.  
The assumption of normal distribution within groups is adhered to as Figures 4.4, 4.5 and 
4.6 on the next two pages show close to normal distribution for the three variables. 
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Figure 4.4: Histograms indicating the normal distribution of the variable ENGJ03 
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Figure 4.5: Histograms indicating the normal distribution of the variable MATHSJII 
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 Figure 4.6: Histograms indicating the normal distribution of the variable Vr2 
Histogram:      Vr2
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The third assumption of no outliers is adhered to by removing the outlier data. The new 
number of learners is indicated as N = 50 in the tables below. By looking at the following 
tables for each of the dependent variables separately, it becomes clear that the fourth 
assumption of homogeneity of covariate regression coefficients is adhered to.  
 
Table 4.22: Regression summary for the dependent variable V2-q4 
 
Regression Summary for Dependent Variable: V2_q4
R= .54563511 R²= .29771768 Adjusted R²= .25191666
F(3,46)=6.5002 p<.00093 Std.Error of estimate: 2.3026
N=50
Beta Std.Err.
of Beta
B Std.Err.
of B
t(46) p-level
Intercept
ENGJ03
MATHSJII
Groups
-0.956056 2.337557 -0.408998 0.684439
0.136189 0.150048 0.014203 0.015648 0.907638 0.368800
0.161715 0.146757 0.025767 0.023384 1.101922 0.276228
0.362851 0.146962 1.912553 0.774623 2.469012 0.017323
 
 
 
 
81
 
Table 4.23: Regression summary for the dependent variable V2-q6 
 
Regression Summary for Dependent Variable: V2_q6
R= .61631223 R²= .37984076 Adjusted R²= .33939559
F(3,46)=9.3915 p<.00006 Std.Error of estimate: 3.5234
N=50
Beta Std.Err.
of Beta
B Std.Err.
of B
t(46) p-level
Intercept
ENGJ03
MATHSJII
Groups
-10.5545 3.576889 -2.95074 0.004973
0.439756 0.141002 0.0747 0.023945 3.11879 0.003130
0.280108 0.137910 0.0727 0.035782 2.03110 0.048047
-0.016061 0.138102 -0.1378 1.185314 -0.11630 0.907924
 
 
Table 4.24: Regression summary for the dependent variable V2-q7 
 
Regression Summary for Dependent Variable: V2_q7
R= .68693826 R²= .47188417 Adjusted R²= .43744183
F(3,46)=13.701 p<.00000 Std.Error of estimate: 2.8431
N=50
Beta Std.Err.
of Beta
B Std.Err.
of B
t(46) p-level
Intercept
ENGJ03
MATHSJII
Groups
-5.30992 2.886304 -1.83970 0.072271
0.249648 0.130118 0.03707 0.019322 1.91863 0.061250
0.416351 0.127265 0.09446 0.028873 3.27153 0.002032
0.173181 0.127442 1.29974 0.956467 1.35890 0.180805
 
 
Table 4.25: Regression summary for the dependent variable V2-q8 
 
Regression Summary for Dependent Variable: V2_q8
R= .72021675 R²= .51871217 Adjusted R²= .48732383
F(3,46)=16.526 p<.00000 Std.Error of estimate: 2.7185
N=50
Beta Std.Err.
of Beta
B Std.Err.
of B
t(46) p-level
Intercept
ENGJ03
MATHSJII
Groups
-9.86152 2.759749 -3.57334 0.000841
0.438842 0.124216 0.06527 0.018475 3.53290 0.000948
0.504277 0.121491 0.11459 0.027607 4.15072 0.000142
-0.213720 0.121661 -1.60654 0.914529 -1.75668 0.085628
 
 
Table 4.26: Regression summary for the dependent variable V2-q9 
 
Regression Summary for Dependent Variable: V2_q9 
R= .65502303 R²= .42905517 Adjusted R²= .39181964
F(3,46)=11.523 p<.00001 Std.Error of estimate: 2.1605
N=50
Beta Std.Err.
of Beta
B Std.Err.
of B
t(46) p-level
Intercept
ENGJ03
MATHSJII
Groups
-0.747112 2.193328 -0.340629 0.734933
0.057426 0.135292 0.006232 0.014683 0.424458 0.673211
0.656353 0.132324 0.108832 0.021941 4.960177 0.000010
-0.072684 0.132509 -0.398681 0.726828 -0.548522 0.585986
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Table 4.27: Test for the “equal slopes” assumption 
 
Univariate Tests of Significance for Vr2
Sigma-restricted parameterization
Effective hypothesis decomposition
Effect
SS Degr. of
Freedom
MS F p
Intercept
Groups
"ENGJ03"
MATHSJII
Groups*"ENGJ03"
Groups*MATHSJII
Error
795.30 1 795.300 3.17848 0.081514
0.42 1 0.417 0.00167 0.967628
2278.24 1 2278.240 9.10519 0.004227
3686.77 1 3686.771 14.73450 0.000392
10.08 1 10.076 0.04027 0.841878
113.24 1 113.240 0.45257 0.504634
11009.39 44 250.213
 
 
Since the interaction terms – i.e. Groups*ENGJ03 and Groups*MATHSJII – are not 
significant, the assumption of equal regression slopes is not violated. 
 
Table 4.28 giving a regression summary of the dependent variable Vr2 follows. 
 
Table 4.28: Regression summary for the dependent variable Vr2 
 
Regression Summary for Dependent Variable: Vr2
R= .76118120 R²= .57939682 Adjusted R²= .55196617
F(3,46)=21.122 p<.00000 Std.Error of estimate: 15.550
N=50
Beta Std.Err.
of Beta
B Std.Err.
of B
t(46) p-level
Intercept
ENGJ03
MATHSJII
Groups
-30.0406 15.78624 -1.90296 0.063315
0.351218 0.116121 0.3196 0.10568 3.02459 0.004065
0.519960 0.113574 0.7230 0.15792 4.57816 0.000036
0.012110 0.113733 0.5570 5.23127 0.10647 0.915670
 
 
Table 4.28 shows that there is no significant group difference in the dependent variable Vr2 
after controlling the effect of selection of the two groups on the two covariates ENGJ03 
and MATHSJII.  The estimated difference in Vr2 scores for the two groups is only 0.56 in 
favour of the experimental group. 
  
The results show that the null hypothesis that there is no significant difference between the 
experimental group and the control group must be accepted. The intervention by the Master 
Maths programme did not make a significant difference to the experimental group. The 
Master Maths programme only led to a 0.56% increase in the marks of the experimental 
group after the statistical technique ANCOVA was applied to the English and mathematics 
marks of the June examinations of 2003. 
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4.6 COMPARISON OF THE RESULTS OF THE PILOT STUDY WITH THIS 
STUDY 
 
Sub-question 1 covered this topic. 
Sub-question 1 
How did the results of the experimental and control groups in the pilot study of 2002 
compare to the experimental and control groups of 2003? 
 
In the pilot study of 2002 the experimental group gained on average 3.59% by the 
intervention as compared to the 0.56% of the 2003 group. This can be explained by the fact 
that in 2002 the experimental group consisted of volunteers who worked very hard and 
performed better overall. They increased their June mathematics average from 40.87 to 
61.52 which is a 20.65% increase, while the 2003 group increased their June mathematics 
average from 24.08% to 35.23% (a 11.15% increase). The class teacher of all the grade 12 
standard grade mathematics learners of 2003 was of the opinion that the 2003 learners were 
not as dedicated and hardworking as the previous year’s group. Another fact that could 
have contributed to the 2003 learners’ under-performing is the fact that extensive 
renovations were being done to the school when they were in grade 11 and they had to 
move around to other venues like the church hall or primary school in the vicinity. The 
control group of 2002 increased their June mathematics average from 31.06% to 46.34% in 
November 2002 – an increase of 15.28%, while the control group of 2003 increased their 
June mathematics average from 22.46 out of 150 (14.9%)  to 35.31 out of 150 (23.54%) in 
November 2003 – an increase of 8.64%. This is a further indication that the 2002 group 
performed better overall as compared to the 2003 group. This finding questions the validity 
of the items in the questionnaire. The experimental group of 2003 was selected on the bases 
of their computer skills and mathematical skills together with their prior marks in 
mathematics and English, but still they did not outperform the experimental group of 2002. 
 
4.7 SUMMARY OF FINDINGS 
 
To summarize the findings of the quantitative part of this study the researcher can report 
the following:  
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Only three items of the self-report questionnaire, viz.: self-concept in mathematics, 
competency in computer skills and geometry total correlated with mathematics 
achievement as measured by the end-of-year school leaving examinations in  
grade 12. This was a further indication that the researcher could use only certain parts of 
the self-report questionnaire to select the experimental and control groups. The researcher 
used computer skills and mathematical skills together with prior knowledge in mathematics 
and English to select the two groups. Originally, the researcher expected more of the items 
of the questionnaire to differentiate between the two groups. 
 
Prior achievement in English and mathematics as measured by the June results of the same 
year served as predictors of success in the end of year examination. A significant difference 
(5% level) between the overall means of age groups in the experimental group was found. 
The Post Hoc test of significance (LSD) indicated that only the old group differed 
significantly from the young group in the experimental group. No significant difference 
(5% level) between the means of the gender groups in the experimental group was found. 
Time on the system could also be correlated with the results for Paper 2 of the National 
Mathematics Examination of 2003 (Vr2), but not for the individual questions as indicated 
by Table 4.6. This means that the more time a learner spent on the programme the better 
his/her chances were to achieve higher marks in Mathematics Paper 2 of the National 
Mathematics Examination of 2003. 
 
The results show that the null hypothesis that there is no significant difference between the 
experimental group and the control group must be accepted. The intervention by the Master 
Maths programme did not make a significant difference to the experimental group. The 
Master Maths programme led to only a 0.56% increase in the marks of the experimental 
group after the June examination marks for English and mathematics were adjusted to 
neutralize the effect of selection of the two groups. 
 
Finally the experimental group of the pilot study of 2002 gained on average 3.59% by the 
intervention compared to the 0.56% of the 2003 group. Both were non-significant gains 
even though the 2003 group were selected on the basis of having greater self-reported 
computer skills and mathematics skills. The next chapter will analyze the qualitative results 
of this research. 
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CHAPTER 5 
 
RESULTS OF THE QUALITATIVE RESEARCH 
 
5.1 INTRODUCTION 
 
This chapter is organized into six sections. Section 5.2 is a description of the sessions with 
the experimental group working on the Master Maths programme. Section 5.3 describes the 
difficulties experienced with the computer programme with the aim of reporting that to the 
software designers. Section 5.4 compares the module tests with the questions asked during 
the National Mathematics Examination of 2003. This section also draws conclusions about 
the content coverage and cognitive levels of the questions in the module tests of the Master 
Maths programme that was used as intervention. The marks of the learners are also used to 
evaluate the effectiveness of the Master Maths intervention. Section 5.5 contains the 
synthesis of the data and triangulation of the conclusions drawn in chapters 4 and 5. The 
two remaining sub-questions will be answered in section 5.6, with the concluding remarks 
in section 5.7.  
 
 
5.2 DESCRIPTION OF THE INTERVENTION SESSIONS  
 
The reason for the inclusion of this section stems from the review of the related literature in 
chapter 2 where one of the major complaints against the statistical interpretation of data 
was that details of the actual programme implementation and description of the intervention 
usually get lost in the process. 
 
A detailed description of each session will follow. For each session a summary of the 
results of the test modules will be given followed by a description of the general 
mathematical mistakes. The mistakes made by the learners during the test modules were 
recorded by the Master Maths programme. The researcher, in the role of tutor, discussed 
those mistakes with each learner on completion of each test. A zero in the accompanying 
appendix for each module indicates the sub-sections of the questions that were discussed by 
the researcher. The researcher re-taught the sub-sections indicated by the zero on the 
appendix by explaining how to reach the correct answer to each learner. See Figure 5.1 
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below for a screen print from the Master Maths programme, illustrating the test results for a 
module with zeros for incorrect answers.  
 
Figure 5.1: Screen print from the Master Maths programme, illustrating the test     
                    results for a module 
 
 
One day before each session the researcher made copies of notes to be handed out and 
arranged transport and departure times with the principal of the school. The researcher also 
arranged to collect  the key of the school bus and confirmed arrangements with the driver of 
the second bus. 
 
Early in the morning before each session the researcher prepared the computer laboratory 
by assigning modules for each learner and logging each learner onto the network. Learners 
were then transported from their school to Framesby High School in two mini buses.  
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5.2.1 Session 1: Saturday 9 August 2003 
 
Sessions could only start a week later than planned, because the June examination results of 
the school were late owing to a problem with the school’s computer system. 
 
The researcher met with the learners at 08:00 at their school. It was raining very hard and 
only twenty-two out of the twenty-six selected learners could walk to their school in the 
rain. The first session went off much better than the first session of the pilot study, because 
the researcher and his son did the log on for each learner before the session and the 
researcher used a video data projector to illustrate step by step what each learner had to do. 
 
Each learner did the introductory module A00 taking about twenty minutes. It required that 
the learners do the following: 
• Practise with a mouse. 
• Type in a box. 
• Type brackets by using the shift key. 
• Distinguish between the letter O and the number 0. 
• Decimal notation: use a point instead of a comma. 
 
After the test module A00(t) the learners viewed the results on the server and the researcher 
discussed the results with each learner as he/she finished the test. Twenty learners obtained 
100% for this first module test. The researcher helped only four learners. 
 
The learners then moved on to the next module viz.: I54 trigonometric graphs. Here they 
had to recognize the three basic shapes of: y =sin, y = cos and y = tan. The module 
explained the period and amplitude of the three basic trigonometric graphs. The test I54(t) 
included revision of the basic shapes of the graphs and the concepts period and amplitude. 
The learners also had to determine the equations of the type y = asin, y = acos and y = 
atan. Table 5.1 on the next page gives a summary of Appendix D1 of the results of test 
module I54(t). 
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Table 5.1: Summary of the results of test module I54(t) 
Sub-section of 
Question 
Number of learners 
who answered correctly 
% correct of learners 
completing the module 
(22) 
1.1.1 14 63.6 
1.1.2 17 77.3 
1.1.3 13 59.1 
1.1.4 18 81.1 
1.1.5 12 54.5 
1.2.1 15 68.2 
1.2.2 12 54.5 
1.3 7 32 
1.4 13 59.1 
2.1 20 90.9 
2.2 19 86.4 
2.3 18 82 
2.4 18 82 
2.5 20 91 
3.1 18 81.8 
3.2 19 86.4 
3.3 14 63.6 
3.4 21 95 
3.5 18 82 
4.1 18 81.8 
4.2 13 59.1 
4.3 12 54.5 
4.4 11 50 
4.5 8 36.4 
Total 368 69.7 
 
5.2.1.1 General mathematical mistakes made in module I54(t) 
 
Although the researcher discussed all the mistakes made by the learners, only the most 
common mistakes will be discussed here. The learners did not finish their tests all at the 
same time so that the researcher could scatter the individual discussion sessions over the 
three hours per session. At certain times during a session learners would line up at the 
server, but then they were asked to carry on with the next scheduled module till they could 
be accommodated.  Table 5.1 shows that only 32% of the learners answered question 1.3 
correctly. They had to type in the values of  at the asymptotes of the graph of y = tan. 
The correct answer is  = 90º and  = 270º. 36.4% of the learners answered question 4.5 
correctly where they had to choose the values of a for which θθ tan3)( =f  is greater 
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than θθ tan)( ag = . The answer is a < 3. Only 50% answered question 4.4 correctly, where 
they had to determine the value of b the y-coordinate of the point (315º; b) that the graph of 
y = 3tan passed through. The correct answer is b = -3. The researcher asked the learners 
why they struggled with this type of question. They answered that they had only worked 
with the basic graph of y = tan in class and did not do examples where the amplitude 
changed. The computer programme basically taught this section for the first time to the 
learners. The researcher realized that the learners needed more practice and prepared a 
revision worksheet. 
 
5.2.2 Session 2: Saturday 16 August 2003 
 
Twenty-five learners were present. The learners started off with different modules. The 
module I56 was attempted by most learners during this session. The module revised the 
basic trigonometric graphs and continued with graphs of the type y = asin  for a < 0. The 
module also covered the graphs of y = sinb and y = cosb. After a learner had finished 
with the test I56(t) the results could be viewed on the server. Table 5.2 below gives a 
summary of Appendix D2 of the results of test module I56(t). 
Table 5.2: Summary of the results of test module I56(t) 
Sub-section of 
Question 
Number of learners 
who answered correctly 
% correct of learners 
completing the module 
(25) 
1.1 19 76 
1.2 18 72 
1.3 25 100 
1.4 17 68 
1.5 23 92 
1.6 24 96 
3.1 22 88 
3.2 21 84 
3.3 21 84 
3.4 21 84 
3.5 23 92 
3.6 23 92 
3.7 14 56 
3.8 10 40 
3.9 24 96 
3.10 7 28 
Total 312 78 
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5.2.1.1 General mathematical mistakes made in module I56(t) 
 
Table 5.2 shows that question 3.10 was answered correctly by only 28% of the learners, 
because they could not calculate the x-coordinate of the x-intercept representing the period 
of the graph of y = sin5. The correct answer is x = 72º. Question 3.8 was answered 
correctly by 40% of the learners, because they could not calculate the x-coordinate of the 
turning point (x; -1) of the graph of y = cos3which is x = 60º. Question 3.7 was also a 
problem in that only 56% of the learners could calculate the value of the y-coordinate of the 
turning point (22.5°; y) of the graph of y = sin4. The correct answer is y = 1. The learners 
informed the researcher that they only worked with the basic graphs in class and did not do 
examples where the period changed. The computer programme also taught this section for  
the first time to the learners. 
 
5.2.3 Session 3: Saturday 23 August 2003 
 
Twenty-five learners were present. The learners entered their learner ID and passwords 
with ease and started off with different modules. The module I58 was attempted by most 
learners during this session. The other learners had to complete the previous modules. 
Table 5.3 below gives a summary of Appendix D3 of the results of test module I58(t). 
 
Table 5.3: Summary of the results of test module I58(t) 
Sub-section of 
Question 
Number of learners 
who answered correctly 
% correct of learners 
completing the module 
(21) 
1.1.1 20 95.2 
1.1.2 8 38.1 
1.1.3 7 33.3 
1.2.1 11 52.4 
1.2.2 10 47.6 
1.2.3 3 14.3 
1.2.4 6 29 
2.1 20 95 
2.2 19 90 
2.3 21 100 
2.4 21 100 
2.5 21 100 
3.1 9 43 
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3.2 11 52 
3.3 9 42.9 
3.4 10 47.6 
3.5 14 66.7 
3.6.1 8 38.1 
3.6.2 8 38.1 
4.1.1 18 85.7 
4.1.2 20 95.2 
4.1.3 21 100 
4.2.1 14 66.7 
4.2.2 16 76.2 
4.2.3 20 95 
4.3.1 19 90.5 
4.3.2 20 95.2 
4.3.3 13 61.9 
4.3.4 19 90.5 
4.3.5 15 71.4 
4.3.6 19 90.5 
4.3.7 15 71.4 
Total 465 69.2 
 
 
5.2.3.1 General mathematical mistakes made in module I58(t) 
 
This module was the most difficult one for the standard grade learners in that they could not 
handle the inequalities and two graphs on the same system of axes. Various questions were 
answered incorrectly in the test although similar work was covered in the module: 
Q 1.1.2     For which values of x is 0)( ≥xf . Here the learners had to read off a graph.    
                Only 38.1% could do that. 
Q 1.1.3    For which values of x is )(xf < 2. Again learners had to read off a graph and    
                only 33.3% could do so. 
Q 1.2.1    Which function is decreasing. Only 52.4% could indicate that. 
Q 1.2.2    For which values of x is 0)( <xf . Only 47.6% could answer correctly. 
Q 1.2.3    For which values of x is )()( xgxf > . Only 14.3% answered correctly. 
Q 1.2.4    For which values of x is 0)().( <xgxf . Only 29% answered correctly. 
Q 3.1       For which values of x is y = cosx decreasing? Only 43% answered correctly. 
Q 3.2.      For which values of x is y = 2cosx decreasing? Only 52% answered correctly. 
Q 3.3       Given the graph of y = cos3x, where 240º < x < 300º. Is the function increasing    
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                or decreasing? Only 42.9% answered correctly. 
Q 3.4      For which x values is f(x) = 2sinx > 0. Only 47.6% answered correctly. 
Q 3.6.     Sketch on the same set of axes, the graphs of f(x) = sin2x and g(x) = 2sinx. 
Q 3.6.1   For the given interval 0º < x < 180º which is true? Answer g > f. 
Q 3.6.2   For the given interval 180º < x < 270º which is true? Answer 0)().( <xgxf . 
               Only 38.1% could answer both questions correctly. 
The researcher has always experienced this section as being difficult for standard grade 
learners. During the re-teaching sessions by the researcher the learners showed a clearer 
understanding. Numbers were awarded to learners on registration by the programme. Three 
learners (numbers 30, 37 and 45) were asked to redo the teaching module I58. The marks of 
two learners (numbers 37 and 45) improved dramatically when the test module was redone, 
but the third learner showed little improvement. 
 
5.2.4 Session 4: Saturday 30 August 2003 
 
Twenty-one learners were present. The researcher decided to contact the principal of the 
school and ask him to motivate all learners to attend all sessions. The learners entered their 
learner ID and passwords with ease and started off with different modules. One learner had 
a severe headache and was supplied with two headache tablets. The discipline was very 
good and learners helped each other. Some learners did not bring their own calculators and 
had to borrow, because they could not get used to the on-line calculator. Table 5.4 below 
gives a summary of Appendix D4 of the results of test module I64(t). 
 
Table 5.4: Summary of the results of test module I64(t) 
Sub-section of 
Question 
Number of learners 
who answered correctly 
% correct of learners 
completing the module 
(24) 
1.1.1 23 95.8 
1.1.2 21 87.5 
1.1.3 17 70.8 
1.2.1 23 95.8 
1.2.2 22 91.7 
1.2.3 22 91.7 
2.1.1 18 75 
2.1.2 14 58.3 
2.1.3 18 75 
93
 
2.1.4 22 91.7 
2.1.5 19 79.2 
2.1.6 23 95.8 
2.1.7 19 79.2 
Total 261 84 
 
5.2.4.1 General mathematical mistakes made in module I64(t) 
The learners did very well in this test. Table 5.4 shows that 84% of the questions were 
answered correctly. The only question that they struggled with was question 2.1.2 where 
they had to decide which value of an angle to choose in the ambiguous case of applying the 
sine rule. Only 58.3% answered this question correctly. Standard grade learners usually 
forget to write down the second value in similar examples. 
 
5.2.5 Session 5: Saturday 6 September 2003 
 
Twenty-three learners were present. Three learners were absent owing to the fact that their 
September examination was due to start on Monday 8 September. The learners started off 
with different modules, because they progressed at their own rate. As they finished their 
test the results could be viewed at the server and be discussed by the researcher. Table 5.5 
below gives a summary of Appendix D5 of the results of test module I65(t). 
Table 5.5: Summary of the results of test module I65(t) 
Sub-section of 
Question 
Number of learners 
who answered correctly 
% correct of learners 
completing the module 
(23) 
1.1.1 18 78.3 
1.1.2 23 100 
1.1.3 11 47.8 
1.1.4 18 78.3 
1.1.5 10 43.5 
1.1.6 21 91.3 
2.1.1 23 100 
2.1.2 23 100 
2.1.3 14 60.9 
2.1.4 20 87 
2.2.1 21 91.3 
2.2.2 23 100 
2.2.3 23 100 
2.2.4 15 65.2 
Total 263 82 
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5.2.5.1 General mathematical mistakes made in module I65(t) 
 
Nine learners forgot to press the multiplication sign before a trigonometric function when 
calculating the value of an expression. The rounding off of answers was frequently done 
incorrectly. The learners did not read the instructions to round off to either one or two 
decimal places or rounded off too early. 
 
When calculating the value of an angle by making use of the sine formula, most learners 
forget to press the 1sin −  key. Two answers are possible when working with the sine 
formula if the given angle is not opposite the longest side. Here the learners only typed in 
the acute angle  and forgot to type in the other possible answer of (180º - ). Question 
1.1.5 served as an example with only 43.5% of the learners remembering the ambiguous 
case. 
 
When calculating the length of a side of a triangle by making use of the cosine formula the 
learners forgot to press the square root key. For example in question 1.1.3 only 47.8% 
remembered to take the square root after calculating a value for g, the side of the triangle. 
When calculating the value of an angle, by making use of the cosine formula, the learners 
also forgot to press the 1cos−  key as in question 2.2.4. 
 
When the learners had to decide on which angle to determine first, they did not calculate 
the angle opposite the shortest side first, which led to further mistakes when determining 
the other angles of the triangle. The maximum length of a session was three hours. The 
learners got tired and hungry although they were asked to bring along a snack. 
 
5.2.6 Session 6: Saturday 13 September 2003 
 
Twenty learners were present. Six learners were absent owing to their examination. Most of 
them did module I66 the Area Rule for solving triangles and its test I66(t) of which 83% of 
the questions were answered correctly. Table 5.6 below gives a summary of Appendix D6 
of the results of test module I66(t). 
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Table 5.6: Summary of the results of test module I66(t) 
Sub-section of 
Question 
Number of learners 
who answered correctly 
% correct of learners 
completing the module 
(24) 
1.1.1 23 95.8 
1.1.2 20 83.3 
1.2.1 22 91.7 
1.2.2 18 75 
1.2.3 23 95.8 
1.2.4 16 66.7 
1.2.5 23 95.8 
1.2.6 23 95.8 
1.2.7 21 87.5 
1.2.8 20 83.3 
2.1.1 23 95.8 
2.1.2 18 75 
2.1.3 22 91.7 
2.1.4 15 62.5 
2.1.5 21 87.5 
2.1.6 23 95.8 
2.1.7 22 91.7 
2.1.8 22 91.7 
2.1.9 13 54.2 
2.1.10 21 87.5 
2.1.11 19 79.2 
2.1.12 10 41.7 
Total 438 83 
 
5.2.6.1 General mathematical mistakes made in module I66(t) 
 
The learners struggled with only two questions. From Table 5.6 it is clear that 41.7% of the 
learners answered question 2.1.12 correctly. Here they had to calculate the area of a triangle 
by making use of the Area Rule and the answer had to be rounded off to one decimal place. 
Most of the mistakes were made when the learners rounded off too early. 54.2% of the 
learners answered question 2.1.9 correctly, where they had to calculate one of the base 
angles of an equilateral triangle. This fact was used in earlier grades, but learners tended to 
forget to apply it. 
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5.2.7 Session 7: Saturday 20 September 2003 
 
Only seventeen learners were present, because nine learners had to study for the biology 
examination on Monday. Module I69 on applying the trigonometric formulae in 2D 
situations and its test I69(t) was done by most learners during this session. 77% of the 
questions were answered correctly. Table 5.7 below gives a summary of Appendix D7 of 
the results of test module I69(t). 
 
Table 5.7: Summary of the results of test module I69(t) 
Sub-section of 
Question 
Number of learners 
who answered correctly 
% correct of learners 
completing the module 
(22) 
1.1.1 17 77.3 
1.1.2 21 95.5 
1.1.3 22 100 
1.1.4 22 100 
1.1.5 22 100 
1.1.6 22 100 
1.1.7 18 81.8 
1.1.8 11 50 
1.1.9 10 45.5 
1.1.10 13 59.1 
1.1.11 22 100 
1.1.12 12 54.6 
2.1 16 72.7 
2.2 19 86.4 
2.3 19 86.4 
2.4 14 63.6 
2.5 19 86.4 
2.6 6 27.3 
Total 305 77 
 
5.2.7.1 General mathematical mistakes made in module I69(t) 
 
Table 5.7 shows that only 27.3% of the learners could calculate the final answer to  
question 2.6 where they had to determine the area of a triangle by making use of the 
answers of various sub-sections calculated previously. Standard grade learners usually 
struggle with such questions. Only 50% of the learners could answer question 1.8 correctly, 
where they had to change the subject of the formula of the sin-ratio. Only 45.5% of the 
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learners could answer question 1.1.9 correctly where they had to choose the Sine Formula 
and substitute the previous answer. Only 54.6% of the learners answered question 1.1.12 
correctly where they had to calculate the length of a side of a triangle by making use of a 
given formula containing the cosec function. The learners pressed the wrong key sequence 
on the calculator and consequently obtained an incorrect answer. 
 
5.2.8 Session 8: Monday 29 September 2003 
 
This was the first afternoon session during the September holidays, which lasted from 
14:00 to 17:00. Nineteen learners were present and most of them started on the geometry 
module I11 and its test I11(t). 70.5% of the questions were answered correctly. Table 5.8 
below gives a summary of Appendix D8 of the results of test module I11(t). 
 
Table 5.8: Summary of the results of test module I11(t) 
Sub-section of 
Question 
Number of learners 
who answered correctly 
% correct of learners 
completing the module 
(22) 
1.1 14 63.6 
1.2.1 18 81.8 
1.2.2 18 81.8 
1.2.3 13 59.1 
1.2.4 14 63.6 
1.2.5 17 77.3 
1.2.6 17 77.3 
1.2.7 13 59.1 
Total 124 70.5 
 
5.2.8.1 General mathematical mistakes made in module I11(t) 
 
Table 5.8 shows that only 59.1% of the learners answered the final question 1.2.7 correctly. 
Here two lines looked perpendicular, but they were not. 59.1% of the learners answered 
question 1.2.3 correctly where they had to recall the theorem that the angle at the centre of 
a circle is twice the angle at the circumference. 
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5.2.9 Session 9: Tuesday 30 September 2003 
 
Only seventeen learners turned up for this session. One of the learners had a serious 
stomach infection and would not be able to attend the remaining sessions during the 
holidays. Most of the learners worked on the second geometry module I13 and its test 
I13(t). 78.6% of the questions were answered correctly in this session. Table 5.9 below 
gives a summary of Appendix D9 of the results of test module I13(t). 
 
Table 5.9: Summary of the results of test module I13(t) 
Sub-section of 
Question 
Number of learners 
who answered correctly 
% correct of learners 
completing the module 
(22) 
1.1 21 95.5 
1.2 16 72.7 
1.3 22 100 
1.4 14 63.6 
2.01 17 77.3 
2.02 11 50 
2.03 16 72.7 
2.04 19 86.4 
2.05 17 77.3 
2.06 20 90.9 
2.07 22 100 
2.08 20 90.9 
2.09 21 95.5 
2.10 15 68.2 
2.11 15 68.2 
2.12 22 100 
2.13 6 27.3 
Total 294 78.6 
 
5.2.9.1   General mathematical mistakes made in module I13(t) 
 
Table 5.9 shows that only 27.3% of the learners answered the final question 2.13 correctly, 
where they had to combine the results of the previous questions and supply a reason for 
their answer. Only 50% of the learners answered question 2.02 correctly, where they had to 
recall the fact that an exterior angle of a triangle is equal to the sum of the two opposite 
interior angles. 
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5.2.10 Session 10: Wednesday 1 October 2003 
 
Twenty-two learners were present and sixteen of them worked on module I16 and its test 
I16(t). The other learners worked on modules of the previous sessions that were not 
completed. For test I16(t) 67.4% of the questions were answered correctly. Table 5.10 
below gives a summary of Appendix D10 of the results of test module I16(t). 
 
Table 5.10: Summary of the results of test module I16(t) 
Sub-section of 
Question 
Number of learners 
who answered correctly 
% correct of learners 
completing the module 
(16) 
1.1 14 87.5 
1.2 13 81.3 
1.3 9 56.3 
1.4 4 25 
1.5 13 81.3 
1.6 8 50 
1.7 8 50 
1.8 14 87.5 
1.9 16 100 
1.10 15 93.8 
1.11 9 56.3 
1.12 10 62.5 
1.13 8 50 
2.1 14 88 
2.2 15 93.8 
2.3 8 50 
2.4 16 100 
2.5 3 18.9 
2.6 4 25 
2.7 7 43.8 
2.8 15 93.8 
2.9 14 87.5 
2.10 11 68.8 
Total 248 67.4 
 
5.2.10.1    General mathematical mistakes made in module I16(t) 
 
Table 5.10 shows that only 25% of the learners answered question 1.4 correctly, where they 
had to calculate a reflex angle of an angle at the centre of a circle. Only four learners 
remembered to subtract their answer from 360˚. Only 25% of the learners answered 
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question 2.6 correctly, where they had to calculate a base angle of an isosceles triangle. 
This fact is usually forgotten. Only 50% of the learners could answer questions 1.6 and 1.7 
correctly which was dependent on their answer to question 1.4. The answer to question 2.7 
could not be determined because of a lack of information. In such a case the learners had to 
type in the letter a in the text box. Only seven learners could get the correct answer. 
 
5.2.11 Session 11: Thursday 2 October 2003 
 
Twenty-one learners were present and fifteen worked on module I17 and its test I17(t). The 
other learners completed outstanding modules. For test I17(t)  79.7% of the questions were 
answered correctly. Table 5.11 below gives a summary of Appendix D11 of the results of 
test module I17(t). 
 
Table 5.11: Summary of the results of test module I17(t) 
Sub-section of 
Question 
Number of learners 
who answered correctly 
% correct of learners 
completing the module 
(15) 
1.1 15 100 
1.2 9 60 
1.3 15 100 
1.4 11 73.3 
1.5 8 53.3 
1.6 11 73.3 
1.7 14 93.3 
1.8 14 93.3 
1.9 7 46.7 
2.1 10 66.7 
2.2 14 93.3 
2.3 11 73.3 
2.4 4 26.7 
2.5 11 73 
2.6 15 100 
2.7 13 86.7 
2.8 9 60 
2.9 15 100 
2.10 15 100 
2.11 15 100 
2.12 15 100 
Total 251 79.7 
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5.2.11.1    General mathematical mistakes made in module I17(t) 
 
Table 5.11 shows that only 26.7% of the learners could answer question 2.4 correctly, 
where they had to supply the following reason: (tangent YC; chord AC). Only 46.7% of the 
learners answered question 1.9 correctly where they had to give the reason: (exterior angle 
of triangle AYC). Only 53.3% of the learners could answer question 1.5 correctly, where 
they had to supply a similar reason. If learners give an incorrect reason for the statement it 
is usually an indication that they do not fully understand the application of the theorem. 
 
5.2.12 Session 12: Saturday 11 October 2003 
 
Twenty-five learners attended this final session. At the end a prize giving ceremony was 
held where certificates of attendance, as well as revision worksheets were handed out. A 
party followed where the learners received a meal sponsored by the host school. Ten 
learners worked on the module J35 on similarity and on its test J35(t). The rest of them had 
to catch up on lost modules that they did not finish because they were absent during some 
of the sessions. 
Table 5.12 below gives a summary of Appendix D12 of the results of test module J35(t). 
 
Table 5.12: Summary of the results of test module J35(t) 
Sub-section of 
Question 
Number of learners 
who answered correctly 
% correct of learners 
completing the module 
(10) 
1.1 10 100 
1.2 9 90 
1.3 7 70 
1.4 6 60 
1.5 8 80 
1.6 7 70 
2.1 7 70 
2.2 8 80 
2.3 10 100 
2.4 4 40 
2.5 7 70 
2.6 2 20 
2.7 3 30 
Total 88 68 
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5.2.12.1    General mathematical mistakes made in module J35(t) 
 
Table 5.12 shows that only four of the ten learners could answer question 2.4 correctly, 
where they had to calculate the length of a side of a triangle by first setting up two similar 
triangles and then writing down the correct ratios. Only two learners answered question 2.6 
correctly, where they had to decide on two new triangles to be proven similar and only 
three learners answered question 2.7 correctly, where they had to determine x from the 
newly formed ratio. The researcher wanted to extend the sessions, but the final 
examinations started two days later on Monday 13 October 2003 and the learners had to 
prepare for that very important examination. 
 
5.3 PROBLEMS EXPERIENCED WITH THE COMPUTER PROGRAMME 
 
During the first session no problems were experienced with the programme, because the 
introductory module was covered at the beginning of the session explaining how the 
programme works. The only problem that some of the learners experienced during the 
second session was to type brackets by using the shift key. Learners were selected for the 
experimental group on the grounds of their alleged computer skills, which they clearly did 
not possess. 
 
The fourth test of module I58t covers questions such as y = asinbwhich is no longer 
required by the National Guideline Document for Grade 12 Mathematics (Department of 
Education 2002a:25). The researcher could not stop the learners from doing this test, but 
they did very well with an average of 83.6% for the thirteen questions.  
 
Two problems were experienced with the recording of the results. Learner number forty-
five did test I64(t) and scored full marks for the test according to the Record Sheet for that 
learner, but the result was not recorded in the Learner History. The same problem 
occurred when learner number fifty-four redid test I54(t). 
 
The decimal point used in the programme instead of a comma caused a few learners to type 
in wrong answers. Learners had different calculators to the on-line calculator – so they 
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followed different key sequences, which led to different decimal answers which the 
programme did not accept as correct. 
 
The instructions informing the learners what to type in a box were often not adhered to. 
Perhaps the font of the instruction should be bigger and the learners should read the 
instructions before typing in the answer. Here the typing of a semicolon between two line 
segments or an equal sign was often ignored. 
 
The numbers of the answers to the tests I69(t), I13(t) and I17(t) did not correspond to the 
numbers of the questions. This particularly troubled the researcher when he gave feedback 
to the learners on completion of each test. The researcher printed a copy of the tests and re-
numbered the questions to correspond with the numbers on the server screen 
 
In the module I16 it is not clear which angle the programme is referring to when 1B  is 
mentioned. In question 1.1 of module I13 the programme did not accept the correct answers 
OP = OQ = OR and the programme gave “Hints” all the time. Such mistakes can be 
reported to the Master Maths head-office and corrections are usually updated every six 
months.  
 
One of the learners, number 42, did test I69(t) but the result was recorded under “30 Days 
plus” of the Learner Record Sheet and not under “Last 30 Days”. On 1 October the same 
mistake occurred with learner number forty.  If tutors are not aware of the fact that this can 
happen they might miss similar records. See Figure 5.2 on the next page illustrating this 
mistake with a screen print from the Master Maths programme. 
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Figure 5.2: Screen print of the learner record sheet 
 
 
 
5.4 COMPARISON BETWEEN THE MODULES OF THE INTERVENTION    
   AND THE NATIONAL MATHEMATICS EXAMINATION 
 
This section will attempt to draw conclusions about the content coverage and cognitive 
levels of the questions in the module tests of the Master Maths programme that was used as 
intervention. The researcher will compare the module tests with the questions asked during 
the National Mathematics Examination of 2003. The marks of the learners will be used to 
evaluate the effectiveness of the ILS intervention. 
 
Scanned copies of each of the questions 4, 6, 7, 8 and 9 of the second paper of the National 
Mathematics Examination of November 2003 will be given in that order on a separate page, 
followed by a table of comparison for that specific question. Thereafter an evaluation of the 
related modules in relation to the examination question will be given. 
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5.4.1 Question 4 
Figure 5.3:  Scanned copy of question 4 
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Table 5.13: Comparison for question 4 
MODEL ANSWERS TO EXAMINATION  
QUESTIONS 
                                    
4.1.1  f (x)  =  2 cos x                                        (2) 
 
4.1.2  g(x)  =  sin x                                            (2) 
 
 
4.2          Range: y ∈ [–2 ; 2]    
 
  or { y : – 2 ≤ y ≤ 2}                          (2) 
                                                                                        
4.3  p = sin 63,4° 
     =  0,9                                                    (1) 
 
   
 
 
4.4  B(243,4° ; – 0,9)                                     (2) 
 
 
 
4.5  63,4° ≤ x ≤ 243,4°                                   (2)      
 
 
 
                                                    [11]    
ANSWERS TO TEST MODULES IN M2 
 
 
I 54t no. 3.2    y = 2cosx 
  
I 56t no. 1.2   y = sinx 
 
 
Questions on range of a function were not  
tested. 
 
 
Questions on determining one coordinate of a point 
on a curve, other than turning points or intercepts 
with the axes, were not tested. 
 
 
 
Questions on determining another point on a curve, 
using the (180º + x) rule, were not tested. 
 
 
I 58t no. 1.2.3 For which values of x is  
f(x) >g(x). 
Combination questions with two graphs on one 
system of axes were not asked in the modules, but if 
a learner had enough time to work through the 
worksheets, they would have encountered a similar 
type of question. The last two marks can be split up. 
One mark can be considered as tested and the other 
mark not tested.  
Thus 6 out of 11 marks (54.5%) were not covered 
by the modules. 
MARKS OF LEARNERS IN THE 
EXAMINATION 
 
4.1.1 Well-answered; 22 out of 26    
candidates (84.6%) answered correctly. 
4.1.2 Well-answered; 22 out of 26 
candidates (84.6%) answered correctly. 
 
4.2  Only 8 out of 26 candidates (30.7%) 
answered correctly. 
 
 
 
4.3 Only 7 out of 26 candidates (26.9%)    
answered correctly. 
 
 
 
 
4.4 Only 9 out of 26 candidates (34.6%) 
answered correctly. 
 
 
4.5 Only 2 out of 26 candidates (7.7%) 
answered correctly. 
 
 
It is clear from the way in which the 
learners answered this question that they 
were not well prepared for the more 
difficult type of question. The average for 
this question was 38.8%. 
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5.4.1.1 Evaluation of related modules 
 
The evaluation of the modules will be done under three sub-headings, viz.: coverage of 
content; type of questions and cognitive level; and advice to the software designers of the 
Master Maths programme. 
 
(a) Coverage of content 
 
The following were not tested in the modules of the Master Maths programme:  
• questions on the range of a trigonometric function;  
• questions on determining one coordinate of a point on a trigonometric curve, other 
than turning points or intercepts with the axes;  
• questions on determining another point on a curve, using the (180º + ) rule; and 
• combination questions with two graphs on one system of axes.  
 
Thus 6 out of 11 marks (55%) of question 4 were not covered by the modules. 
 
(b) Type of questions and cognitive level  
 
It is clear from the way in which the learners answered question 4 that they were not well 
prepared for the more difficult type of question that combined two graphs on one sketch 
and where they had to use both graphs to read off the answers to solve an inequality. 
 
The cognitive levels used in this section refer to chapter 3 where it was mentioned that the 
questions of the module tests would be evaluated according to the levels of Bloom’s 
Cognitive Taxonomy cited in the Guideline Document (Department of Education, 
2002a:v). In this section a general flow chart is given in Figure 5.4 as suggested in the 
Guideline Document (Department of Education, 2002a:vi). It will be used to evaluate the 
cognitive levels of the questions asked in the module tests as well as the examination 
questions. 
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Figure 5.4: Suggested method of using levels of Cognitive Taxonomy of Bloom 
 
1. Has the question and the 
answer already been  
      experienced in the teaching  
      situation?     
          YES 
         →                        KNOWLEDGE 
          EXIT 1 
       ↓  
2. Can the question be done 
      easily on the grounds of   
     familiarity with many such    
     questions that used the  
     same method of solution? 
 
            YES 
           →                             SKILLS 
            EXIT 2 
     ↓ 
3. Is all the information  
     necessary for solving the  
     problem available so that on  
    that basis the learner can  
    decide what to do and know  
    why he/she did it?  (The    
    task/question is no longer  
    identical to previous  
    tasks/questions).  
            
 
           YES 
          →             UNDERSTANDING 
           EXIT 3 
    ↓ 
4. Is the question and the  
     method of solution new  
     although it is possible for  
     the learner, by bringing in  
     extra information, to transform  
     it so that known methods may  
     be used? 
           
          YES 
         →                  APPLICATION             
          EXIT 4 
               ↓ 
5. Is it necessary for the  
learner to handle the given 
information in an original way, 
which does not correspond with 
any method of solution known to 
the learner. Synthesis and 
evaluative skills were needed. 
 
          YES 
         →                       CREATIVE 
          EXIT 5 
 
The cognitive level for each test question was judged by the researcher using the above 
flow chart and can be summarized for groups of modules relating to the examination 
questions in Table 5.14 on the next page: 
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 Table 5.14: Summary of module tests with       
question analysis and cognitive levels of Bloom      
QUESTION KNOWLEDGE SKILLS UNDERSTANDING APPLICATION CREATIVE TOTAL 
          THOUGHT QUESTION 
I54t 2 13 8 1 0 24 
I56t 9 6 1 0 0 16 
I58t 0 0 23 9 0 32 
TOTAL 11 19 32 10 0 72 
% 15.3 26.4 44.4 13.9 0 100 
         
I64t 1 8 4 0 0 13 
I65t 8 1 5 0 0 14 
I66t 14 5 3 0 0 22 
I69t 11 1 6 0 0 18 
TOTAL 34 15 18 0 0 67 
% 50.7 22.4 26.9 0.0 0.0 100.0 
         
I11t 5 0 3 0 0 8 
I13t 12 0 5 0 0 17 
TOTAL 17 0 8 0 0 25 
% 68 0 32 0 0 100 
         
I16t 9 0 10 0 0 19 
I17t 15 0 6 0 0 21 
TOTAL 24 0 16 0 0 40 
% 60 0 40 0 0 100 
         
J35t 6 1 5 1 0 13 
TOTAL 6 1 5 1 0 13 
% 46.2 7.7 38.5 7.7 0 100 
         
TOTAL 92 35 79 11 0 217 
% 42.4 16.1 36.4 5.1 0.0 100.0 
110
 
The evaluation for each module is given in Appendix E. The test modules I54(t), I56(t) and 
I58(t) were grouped together in Table 5.14 because they cover the same content as  
question 4 of the examination. The examination questions were also evaluated by the 
researcher using the same flow chart of Figure 5.4 above. A summary of the evaluated 
questions of the examination is given in Table 5.15 below: 
 
Table 5.15 
Mathematics SG Paper 2 of National Examination 2003:  
question analysis and cognitive levels of Bloom for questions 4, 6, 7, 8 & 9 
QUESTION KNOW- SKILLS UNDER- APPLI- CREATIVE TOTAL TOTAL 
  LEDGE   STANDING CATION THOUGHT SUB- QUESTION 
            SECTION   
TOTAL Q4 4 0 2 3 2 11 11 
% 36.4 0.0 18.2 27.3 18.2 100.0 100.0 
TOTAL Q6 6 0 4 7 0 17 17 
% 35.3 0.0 23.5 41.2 0.0 100.0 100.0 
TOTAL Q7 0 0 11 6 0 17 17 
% 0 0 64.7 35.3 0.0 100.0 100 
TOTAL Q8 6 0 11 0 0 17 17 
% 35.3 0.0 64.7 0.0 0.0 100.0 100.0 
TOTAL Q9 6 0 4 3 0 13 13 
% 46.2 0.0 30.8 23.1 0.0 100.0 100.0 
          
TOTAL 22 0 32 19 2 75 75 
% 29.3 0.0 42.7 25.3 2.7 100.0 100.0 
 
From Table 5.14 it is clear that the cognitive levels of the module tests concentrated more 
on the categories Knowledge, Skills and Understanding, whereas Table 5.15 indicates 
that the examination question 4 concentrated more on the categories Knowledge, 
Understanding and Application. 
 
If a learner had enough time to work through the worksheets, they would have encountered 
a similar type of question as the one asked in question 4 of the examination, where different 
aspects were integrated into one question. See Figure 5.5 on the next page for an example 
of such an integrated question in the worksheets. The original plan for the intervention was 
not to include the worksheets as part of the twelve three-hour sessions, because the 
researcher wanted to test the computer programme on its own.  A selection of worksheets 
would be handed out by the researcher when the need arises. Figure 5.5 serves as an 
example of such a worksheet that was handed out. 
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Figure 5.5: Example from worksheet with integrated questions 
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(c) Advice to software developers:  
• Include combination questions, which integrate different aspects into one question, 
in the modules and not just in the worksheets. 
• Combination questions like y = asinbx were asked in the modules, but are no longer 
required by the Guideline Document (Department of Education, 2002a:25). 
 
5.4.2 Question 6 
Figure 5.6:  Scanned copy of question 6 
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Table 5.16: Comparison for question 6 
 
MODEL ANSWERS TO EXAMINATION  
QUESTIONS 
 
6.1   The proof of the cosine formula.                     (6)             
 
ANSWERS TO TEST MODULES IN M2 
 
 
The proof of the cosine formula was covered by the 
modules, and learners were encouraged to study the 
theory. 
 
 
MARKS OF LEARNERS IN THE 
EXAMINATION 
 
 7 of the 26 candidates (26.9%) could do the proof. 
 
6.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.2.1 NPˆK  = 92°             (int ∠s of ∆ supp)      (1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I 64t no. 1 used a single triangle, where one angle had 
to be calculated first by making use of the sum of the 
angles of a triangle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 16 out of 26 candidates (61.5%) answered correctly. 
K 
P 
N Q 
67° 
1 
1 
1 
1 
2 
2 
2 
2 
36° 
52° 
46° 
200 
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Table 5.16 continued: Comparison for question 6 
 
 
 
MODEL ANSWERS TO EXAMINATION 
QUESTIONS 
 
6.2.2 
            
∧∧
=
KPNsin
KN
Ksin 
PN
2
  
 
   
°
=
° 92sin
KN
36sin 
PN
 
 ∴ 
°
°
=
92sin
36sin  200
 PN
 
          =  178 m  
 
6.2.3  NQˆK  = 67°  (int ∠s of  ∆ supl.)
                                                                     (1) 
6.2.4       QN = KN = 200m    (sides opp. = angles) (2) 
 
6.2.5 In PQN,∆  
[17]                                                                  
(4)                                              m286PQ  
 ..81593,125.         
200cos981782-2002 1782         
NPPN.QNcosQ2QNPNPQ 222
≈
=
°××+=
−+=
∧
 
ANSWERS TO TEST MODULES IN M2 
 
 
Many examples where the sine formula had to be 
applied were covered by the modules, but in easier 
diagrams. 
Again the worksheets had more complicated 
diagrams. Advice to the software designer:  include 
more complex diagrams in the modules and not just 
in the worksheets. 
 
 
 
 
 
 
Many examples where the third angle of a triangle 
had to be calculated, were included in the modules. 
 
Many examples where sides opposite equal angles 
had to be determined were included in the modules. 
 
I 65t no. 1.3 application of the cos formula in a single 
triangle. Many similar examples were included. 
 
Thus 17 out of 17 marks (100%) were included in the 
modules, but the cognitive levels were lower than  
the examination question. 
MARKS OFLEARNERS IN THE 
EXAMINATION 
 
6.2.2    Only 6 out of 26 candidates (23.1%)    
answered correctly. 
 
 
 
 
 
 
 
 
 
 
 
6.2.3   Only 14 out of 26 candidates (53.8%)    
answered correctly. 
 
6.2.4   Only 5 out of 26 candidates (19.2%)    
answered correctly. 
 
6.2.5    Only 2 out of 26 candidates (7.7%)    
answered correctly. 
 
It is clear from the way in which the learners 
answered this question that they were not well 
prepared for this type of question where they had to 
decide which formula to use. 
The average for this question was 30.1%. 
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5.4.2.1 Evaluation of related modules 
 
(a) Coverage of content 
 
Seventeen out of the possible seventeen marks (100%) of the content were included in the 
related modules.  
 
(b) Type of question and cognitive level   
 
Although 100% of the content was included in the modules, the cognitive levels were lower 
compared to the examination questions. In the modules no integrated questions were asked 
requiring learners to apply more than one of the trigonometric formulae, and then choose 
the correct formula before they could do the rest of the problem. 
 
The test modules I64(t), I65(t), I66(t) and I69(t) were grouped together in Table 5.14 
because they covered the same content as question 6 of the examination. Tables 5.14 and 
5.15 show that the test modules concentrated 15.4% more on Knowledge levels and 22.4% 
more on Skill levels, while the examination questions had 41.2% Application levels. The 
worksheets of these modules had more integrated questions with more complicated 
diagrams compared to the modules.  
 
(c) Advice to the software developers 
Include more complex diagrams and integrated questions in the modules and not just in the 
worksheets. 
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5.4.3 Question 7 
Figure 5.7:  Scanned copy of question 7 
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Table 5.17:  Comparison for question 7 
MODEL ANSWERS TO EXAMINATION QUESTIONS 
 
7.1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 AM  =  MB  =  7 cm (line from centre of  ⊥ 
chord) 
 OA = x + 3 
 OA2 =  OM2 +  AM2  (Pythagoras) 
  (x + 3)2  =  x2 +  72 
  x2 +  6x  + 9  =  x2 + 49 
   6x   = 40 
  x = 
3
20
6
40
=  
 ∴ radius = 
3
29
 cm                                           (7) 
 
ANSWERS TO TEST MODULES IN 
M2    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I 12 not done because of time constraints. 
MARKS OF LEARNERS IN THE 
EXAMINATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7.1  5 out of 26 candidates (19.2%) answered 
correctly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A B M 
O 
7 
x  
x  + 3 
P 
3 
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MODEL ANSWERS TO EXAMINATION QUESTIONS 
 
 
 
7.2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  1Oˆ  =  2 1M
∧
 = 106°   (∠ at centre = 2 ∠ on ) 
 ∴ 2Oˆ  = 74° (sum of adj ∠s on straight line) 
 
 OR   
 
  TMˆP  = 90° (∠ in semi ) 
 ∴ 2Mˆ  = 37° (adj compl ∠s) 
 ∴ 2Oˆ  = 74° (∠ at centre =  2 ∠ at circ) (4) 
 
 
ANSWERS TO TEST MODULES IN 
M2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I 11t no. 2 similar sketch. 
I 13 worksheet no. 1 similar sketch. 
 
 
MARKS OF LEARNERS IN THE 
EXAMINATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
13 out of 26 candidates (50%) answered correctly. 
 
 
M 
P 
S 
T 
O 2 
1 
1 
2 
53° 
 
 
 
 
 
 
 
 
Table 5.17 continued 
119
 
MODEL ANSWERS TO EXAMINATION QUESTIONS 
 
7.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7.3.1 In  ∆ ABC 
            2Aˆ  + Cˆ  + 50° = 180° (int ∠s of ∆ supl) 
 2Aˆ  = Cˆ  = 65° (∠s opp = sides of ∆) 
  Cˆ  = Fˆ  =  65° (∠s in same segment) (4) 
 
 
7.3.2  Dˆ  + Cˆ  = 180°  (opp ∠s of cyclic quad) 
 ∴ Dˆ  = 180° – 65° 
       =  115°  (2) 
     [17] 
 
ANSWERS TO TEST MODULES IN 
M2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I 16 test 1 no. 10. 
I 16 test 2 no. 8. 
 
 
 
 
 
 
I 16 test 1 no. 8. 
 
59% of the work was covered by the 
modules, but the cognitive levels required 
were lower. 
 
 
MARKS OF LEARNERS IN THE 
EXAMINATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7.3.1  6 out of 26 candidates (23.1%) 
answered correctly. 
 
 
 
 
 
 
7.3.2  3 out of 26 candidates (11.5%) 
answered correctly. 
 
 
 
 
 
 
 
 
D 
A 
B 
C 
F 
65° 
1 
3 2 
1 
2 
3 
50° 
65° 
65° 
115° 
Table 5.17 continued 
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5.4.3.1   Evaluation of related modules 
(a)   Coverage of content 
59% of the work was covered by the modules. 
 
(b)   Type of questions and cognitive levels  
The test modules I11(t) and I13(t) were grouped together in Table 5.14 because they 
covered the same content as question 7 of the examination. Tables 5.14 and 5.15 show that 
the test modules concentrated 68% on Knowledge levels and 32% on Understanding 
levels, while the examination questions had 64.7% Understanding levels and 35.3% 
Application levels. 
 
(c)   Advice to software developers 
The time that each learner spent on the system was recorded incorrectly by the programme 
in the activity report. See Figure 5.8 for an example of a screen print indicating the 
mistake in the third line dated 2003/08/09. 
Figure 5.8: Screen print of the activity report 
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5.4.4 Question 8 
 
Figure 5.9:  Scanned copy of question 8 
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 Table 5.18: Comparison for question  8 
ANSWERS TO EXAMINATION QUESTIONS 
 
 
 
8.1 Draw diameter PR and draw RS 
 
 1Pˆ  + 2Pˆ  = 90° (rad ⊥ tang) 
      PSˆR  = 90° (∠ in semi circle) 
 ∴      1Pˆ  = Rˆ  (sum ∠s of ∆ ) 
 and    Rˆ  = Mˆ  (∠s in same segment) 
 ∴      1Pˆ  = Mˆ  
ANSWERS TO TEST MODULES 
IN M2 
 
 
The proof of this theorem was not 
covered by the modules. 
MARKS OF LEARNERS IN THE 
EXAMINATION 
 
 
8.1   11 out of 26 candidates (42.3%) 
answered correctly. 
 
Even though the proof was not covered by 
the modules, the learners did the best in this 
section. 
 
 
 
8.2.1  1Aˆ  = Cˆ  = x   (∠ betw tangent  and chord ) 
 ∴ 3Aˆ  = 90° – x   (sum of ∠s of ∆) 
  BAˆC  = 90° (∠ in semi ) 
 ∴ 2Aˆ  = x    (5) 
 
8.2.2  In ∆ ADB and ∆ CDA 
    (i) 2Aˆ  = Cˆ  = x   (proved) 
   (ii) 4Dˆ  = 1Dˆ  =  90° (AD ⊥ BC) 
  (iii)   Bˆ  = 3Aˆ  (sum of int. ∠s of ∆ ) 
  ∴   ∆ ADB  ∆ CDA (equiangular) (3) 
 
 
 
 
 
 
 
 
 
I 16t no. 13. 
Worksheet I 17 no. 7 p. 122. 
 
 
 
 
 
 
J 35t test 2 had a similar question. 
Worksheet J35 no. 16 p. 56. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.2.1 Only 4 out of 26 candidates (15.4%) 
answered correctly. 
 
 
 
 
 
 
8.2.2 Only 2 out of 26 candidates (7.7%) 
answered correctly. 
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ANSWERS TO EXAMINATION QUESTIONS 
 
 
 
8.2.3  
CD
AD
 = 
DA
DB
 (∆s  ) 
                        AD  =  DF                     (Diameter ⊥ chord )  
 ∴ DF2 = DB.CD   (3) 
                   [17] 
 
ANSWERS TO TEST MODULES 
IN M2 
 
 
J 35t test 2 had a similar question. 
Worksheet J35 no. 16 p. 56. 
65% of the work was covered by the 
modules, but on lower cognitive levels. 
The questions in the worksheets 
covered similar cognitive levels. 
 
MARKS OF LEARNERS IN THE 
EXAMINATION 
 
 
8.2.3    Only 1 out of 26 candidates (3.8%) 
answered correctly. 
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5.4.4.1  Evaluation of related modules 
(a)  Coverage of content 
65% of the work was covered by the modules. 
 
(b)  Type of questions and cognitive levels  
 
The test modules I16(t) and I17(t) were grouped together in Table 5.14 above because they 
covered the same content as question 8 of the examination. Tables 5.14 and 5.15 show that 
the test modules concentrated 60% on Knowledge levels and 40% on Understanding 
levels, while the examination questions had 35.5% Knowledge levels and 64.7% 
Understanding levels. 
 
(c)  Advice to software developers 
Although the use of colour is very helpful to learners working on the geometry modules, 
guard against the over cluttering of the monitor screen. See Figure 5.10 below of a screen 
print indicating a cluttered monitor screen. 
Figure 5.10: Screen print indicating a cluttered monitor screen 
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 5.4.5 Question 9 
 
Figure 5.11:  Scanned copy of question 9 
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Table 5.19: Comparison for question  9 
ANSWERS TO EXAMINATION QUESTIONS 
 
 
9.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Join DC and BE and draw perpendiculars  h  and  k.    
 
 
BDE   Area
ADE   Area
∆
∆
 = 
h
h
    DB    
   AD   
2
1
2
1
××
××
 = 
DB
AD
 
 
CDE  Area
ADE  Area
∆
 = 
k
k
    EC    
   AE   
2
1
2
1
××
××
 = 
EC
AE
 
 
 Area ∆ BDE = Area ∆ CDE   (same base and betw same  
lines) 
       ∴ 
BDE   Area
ADE  Area
 = 
CDE   Area
ADE  Area
 
       ∴      
DB
AD
 =  
EC
AE
  (6) 
 
ANSWERS TO TEST MODLULES 
IN M2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The proof of this theorem was not 
covered by the modules. 
MARKS OF LEARNERS IN THE 
EXAMINATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9.1  Only 12 out of 26 candidates 
(46.2%) answered correctly. 
 
A 
B C 
D 
k h 
 
 
 
 








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Table 5.19 Continued: Comparison for question 9 
ANSWERS TO EXAMINATION QUESTIONS 
 
 
9.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9.2.1  SR = 12 (opp sides parm) 
  ST = 4  (line through mdpt of one side 
     of ∆  to 2nd side   or  
    line  to one side of ∆ cuts 
    other in prop) 
 ∴ TR= 8 cm    (4) 
 
 
 
 
 
 
 
 
 
 
ANSWERS TO TEST MODULES IN 
M2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
J 35t test 2 p. 108.  
Similar sketch and questions were 
covered by the modules. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MARKS OF LEARNERS IN THE 
EXAMINATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9.2.1 Only 6 out of 26 candidates 
(23.1%) answered correctly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P 
R 
S 
W 
X 
M T 
4 
12 
Q 
12 
4 
8 
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ANSWERS TO EXAMINATION QUESTIONS 
 
 
9.2.2  XS  QR (opp sides of parm ) 
 ∴ 
XQ
WX
 = 
SR
WS
    
                =
12
4
 
           = 
3
1
 
                       WX  =  XM 
  
XQ
XM
 = 
XQ
WX
 =
3
1
 
 OR 
             XS MTQR (opp sides of parm) 
 
XQ
XM
 = 
TR
ST
 
          =  
12
4
 
          = 
3
1
   (3) 
     [13] 
 
 
     TOTAL : 150 
 
 
ANSWERS TO TEST MODULES IN 
M2 
 
J 35t test 2 p. 108.  
 
Similar sketch  and questions were 
covered by the modules. 
 
 
 
 
 
MARKS OF LEARNERS IN THE 
EXAMINATION 
 
9.2.2 Only 4 out of 26 candidates 
(15.4%) answered correctly. 
 
 
A 
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5.4.5.1  Evaluation of related modules 
 
(a) Coverage of content 
 
The proof of the theorem was not covered by the modules. Seven out of thirteen marks 
(54%) of question 9 was covered by the module J35. 
 
(b) Type of questions and cognitive levels  
 
A similar sketch and questions were covered by the module test J35(t) (see Figure 5.12 on 
the next page), but the learners performed very badly in this question. Tables 5.14 and 5.15 
show that the test module concentrated 46.2% on Knowledge levels, 7.7% on Skills level, 
38.5% on Understanding levels, and 7.7% on Application level, while the examination 
questions had the same Knowledge level, 30.8% Understanding levels, but 23.1% 
Application levels. 
 
(c) Advice to software developers 
 
Add more modules to this section of the work. Presently the programme has only one 
module on similarity. Learners need to practise more on grade 12 geometry. 
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Figure 5.12: Example in module test with a similar sketch as examination Question 9 
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5.5    SYNTHESIS OF DATA  
 
In this section the data from chapters 4 and 5 are synthesized by making use of a table to 
summarize the various components of the module tests and the examination questions. The 
data from chapters 4 and 5 are also triangulated with reference to the marks of two of the 
learners during the final examination of 2003. The one learner, number 28, represents the 
low achieving group and the other learner, number 29, represents the high achieving group. 
See Appendix G for a copy of the letter of permission obtained from the Eastern Cape 
Education Department to make copies of the front covers of their answer sheets. 
 
See Table 5.20 on the next page for the synthesis of the data. 
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Table 5.20: Synthesis of data from chapters 4 & 5 
QUESTION CONTENT 
COVERED  
BY 
MODULES 
# LEARNERS 
COMPLETED 
MODULES 
TEST 
MODULE 
RESULTS 
THINKING 
LEVELS FOR 
MODULES 
THINKING 
LEVELS FOR 
EXAMAMINATION 
EXAM 
RESULTS 
STAT 
CORR 
ENGJ03 
STAT 
CORR 
MATHSJII 
4 45% 25/26 65.4% KNOWLEDGE  = 15.3% 
SKILLS              = 26.4% 
UNDERSTAND = 44.4% 
APPLICATION  = 13.9% 
CREATIVE        = 0% 
KNOWLEDGE  =  36.4% 
SKILLS              = 0% 
UNDERSTAND = 18.2% 
APPLICATION  = 27.3% 
CREATIVE        = 18.2% 
38.8% 0.22 0.33 
6 100% 24/26 72.3% KNOWLEDGE  =  50.7% 
SKILLS               = 22.4% 
UNDERSTAND  = 26.9% 
APPLICATION   = 0% 
CREATIVE         = 0% 
KNOWLEDGE  =  35.3% 
SKILLS              = 0% 
UNDERSTAND = 23.5% 
APPLICATION  = 41.2% 
CREATIVE        = 0% 
30.1% 0.51 0.52 
7 59% 23/26 64.3% KNOWLEDGE    =  68% 
SKILLS                = 0% 
UNDERSTAND   = 32% 
APPLICATION   = 0% 
CREATIVE         = 0% 
KNOWLEDGE  = 0% 
SKILLS              = 0% 
UNDERSTAND = 64.7% 
APPLICATION  = 35.3% 
CREATIVE         = 0% 
34.8% 0.49 0.64 
8 65% 20/26 47.2% KNOWLEDGE   =  60% 
SKILLS               = 0% 
UNDERSTAND  = 40% 
APPLICATION   = 0% 
CREATIVE         = 0% 
KNOWLEDGE  =  35.3% 
SKILLS              = 0% 
UNDERSTAND = 64.7% 
APPLICATION  = 0% 
CREATIVE        = 0% 
25% 0.50 0.74 
9 54% 10/26 71.4% KNOWLEDGE   =  46.2% 
SKILLS               = 7.7% 
UNDERSTAND  = 38.5% 
APPLICATION   = 7.7% 
CREATIVE         = 0% 
KNOWLEDGE  =  46.2% 
SKILLS              = 0% 
UNDERSTAND = 30.8% 
APPLICATION  = 23.1% 
CREATIVE        = 0% 
28.5% 0.28 0.62 
   Totals of  
all test 
module  
questions 
KNOWLEDGE   =  42.4% 
SKILLS               = 16.1% 
UNDERSTAND  = 36.4% 
APPLICATION   = 5.1% 
CREATIVE         = 0% 
KNOWLEDGE   =  29.3% 
SKILLS               = 0% 
UNDERSTAND  = 42.7% 
APPLICATION   = 25.3% 
CREATIVE         = 2.7% 
Totals of 
all exam 
questions 
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From Table 5.20 it is clear that the totals of all test module questions for cognitive levels 
differ from the totals of all examination questions for cognitive levels in that the modules 
tested 13.1% more on the category Knowledge; 16.1% more on Skills; 6.3% less on 
Understanding; 20.2% less on Application; and 2.7% less on Creative Thought. The 
modules therefore tested more basic skills than examination questions.  
 
This phenomenon can be further explained by looking at the marks of a specific low 
achieving learner in mathematics, number 28. The learner obtained 87 out of a possible 300 
marks = 29% for the Total of November 2003. The learner scored on average 78.8% for the 
first three module tests on trigonometric graphs, but scored only 4 out of 11 (36,4%) for 
question 4 testing the same content (refer to Appendix F on results of module tests and 
questions in the examination). The same learner also scored on average 68.4% for the next 
three modules on solving triangles by using trigonometric formulae, but did not score any 
marks for question 6 of the examination testing the same content on a higher thinking level. 
This low achieving learner could not cope with the higher cognitive levels in the 
examination questions. 
 
From Table 5.20 it is also clear that the examination results on all questions were lower 
than the test modules. This can be attributed to the fact that the modules tested more basic 
cognitive levels.  
 
This phenomenon can be further explained by looking at the marks of a specific high 
achieving learner in mathematics, number 29. The learner obtained 243 out of a possible 
300 marks = 81% for the Total of November 2003. Comparing his module tests results with 
the examination questions (also refer to Appendix F for results on module tests and 
questions in the examination), it is clear to see that he scored consistently high marks for all 
tests. This learner was also one of the ten learners who completed the last module test 
J35(t) and obtained eleven out of thirteen for the related question 9 of the examination. 
This high achieving learner could cope with the more challenging questions set in the 
examination containing more of the higher order cognitive levels.  
 
The data for the control group is given in Appendix H. It is clear from Appendix H that the 
control group performed very badly (below 20%) in all the relevant questions of the second 
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paper. The marks from the first paper and the analytical geometry section of the second 
paper increased their marks to an average of 29.5% for the total mark in mathematics. The 
average of the experimental group for the first paper was 45% and the average for their 
second paper was 35%. This brought the average of the experimental group up to 40% (See 
Appendix F). 
 
5.6           ANSWERS TO THE TWO REMAINING SUB-QUESTIONS 
The two remaining sub-questions will be discussed under the next two sub-headings. 
 
5.6.1 Sub-question 2 
 
How did the related modules in the ILS compare with the questions in the examination 
paper in terms of content covered? 
 
Five out of eleven marks (45%) of question 4 were covered by the modules. This could 
explain why no correlation could be found for question 4. Seventeen out of seventeen 
marks (100%) of question 6 were included in the modules, but the cognitive levels were 
lower compared to the examination question. 59% of the content of question 7 was covered 
by the related modules, and 65% of question 8, but on lower cognitive levels. The questions 
in the worksheets covered similar cognitive levels. The proof of the theorem in question 9 
was not covered by the modules. Seven out of thirteen marks (54%) of question 9 was 
covered by the modules. A similar sketch and questions were covered by the modules, but 
the learners performed very badly in this question. One of the explanations for this could be 
the fact that so few learners completed the last module J35 covering similar content. 
 
5.6.2 Sub-question 3 
 
How did the module tests compare to the relevant examination questions in terms of 
cognitive levels? 
 
An excerpt from Table 5.20 above of the synthesis of data from chapters 4 and 5 can be 
made in a simplified version labelled Table 5.21 on the next page: 
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Table 5.21: Simplified version of comparison between the results of the module tests 
and the questions in the examination 
 Trigono- 
metric 
graphs 
I54t –I58t 
Trigono- 
metric 
solution of 
triangles 
I64t –I69t 
Grade 11 
Circle 
Geometry 
I11t & I13t 
Grade 11 
Circle 
Geometry 
I16t & I17t 
Grade 12 
Geometry 
Similarity 
J35t 
Average % obtained by  
learners during module  
tests of intervention 
 
65.4 
 
72.3 
 
64.3 
 
 
47.2 
 
71.4 
Average % obtained by  
learners during the  
examination 
 
38.8 
 
30.1 
 
34.8 
 
25 
 
28.5 
 Question 4 Question 6 Question 7 
  
Question 8 Question 9 
 
 
The data from Table 5.21 above show that it was easier for the learners to obtain higher 
marks in the module tests than in the examination questions. The data imply that the 
module tests were easier than the examination questions. The totals for question 9 was 
taken just for those learners who completed module J35(t). Appendix F identifies those 
learners clearly. 
 
From Table 5.20 it is clear that the totals of all test module questions for cognitive levels 
differ from the totals of all examination questions for cognitive levels in that the modules 
tested 13.1% more on the category Knowledge; 16.1% more on Skills; 6.3% less on 
Understanding; 20.2% less on Application; and 2.7% less on Creative Thought. The 
modules therefore tested more basic cognitive levels than examination questions.  
 
This data confirms that there is a gap between the acquisition and evaluation of core skills 
tested by the modules of the intervention and the wider knowledge and skills tested in the 
examination, similar to the results found by the BECTA Report (1998:7).  
 
 
In the next chapter conclusions and recommendations will be made. 
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CHAPTER 6 
SUMMARY OF FINDINGS, CONCLUSIONS, RECOMMENDATIONS  
FOR PRACTICE AND NEED FOR FURTHER RESEARCH 
 
6.1 INTRODUCTION 
 
In this last chapter a summary of the findings will be given first, followed by the 
conclusions drawn by the researcher. Thereafter the recommendations for practice, need for 
further research and final remarks are given. 
 
6.2 SUMMARY OF THE FINDINGS 
 
The findings of this study provide answers to the main research question, sub-questions and 
sub-focuses originally presented in chapter 1. The following is a restatement of each and a 
summary of the findings related to it. 
 
6.2.1 The main research question 
Does ILS use have an effect on mathematics achievement as measured by the raw marks of 
Paper 2 of the National Mathematics Examination? 
 
The ANCOVA results from Table 4.24 showed that there is no significant group difference 
on Paper 2 after controlling the marks for English and mathematics of the June 
examinations of 2003 as the two covariates. The estimated difference in Paper 2 scores for 
the two groups is only 0.56 in favour of the experimental group.   
 
The results showed that the null hypothesis that there is no significant difference between 
the experimental group and the control group must be accepted. The intervention by the 
Master Maths programme did not make a significant difference to the experimental group. 
The Master Maths programme led to only a 0.56% increase in the marks of the 
experimental group after the June examination marks for English and mathematics of the 
two groups were adjusted to neutralize the effect of selection of the two groups. 
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6.2.2 The three sub-questions 
 
Sub-question 1 
How did the results of the experimental and control groups of the pilot study of 2002 
compare to the experimental and control groups of 2003? 
 
In the pilot study of 2002 the experimental group gained on average 3.59% by the 
intervention compared to the 0.56% of the 2003 group. This can be explained by the fact 
that the experimental group of 2002 consisted of volunteers who worked very hard and 
performed better overall. They increased their June mathematics average from 40.87% to 
61.52% (a 20.65% increase), while the experimental group of 2003 increased their June 
mathematics average from 24.08% to 35.23% (a 11.15% increase). 
 
The control group of 2002 increased their June mathematics average from 31.06% to 
46.34% in November 2002 – an increase of 15.28%, while the control group of 2003 
increased their June mathematics average from 22.46 out of 150 (14.9%)  to 35.31 out of 
150 (23.54%) in November 2003 – an increase of 8.64%. This is a further indication that 
the 2002 group performed better overall as compared to the 2003 group. 
 
Sub-question 2 
How did the related modules in the ILS compare with the questions in the examination 
paper in terms of content covered? 
 
The modules covered five out of eleven marks (45%) of question 4. This could explain why 
there was no correlation for question 4. Seventeen out of seventeen marks (100%) of 
question 6 were included in the modules, but the cognitive levels were lower compared to 
the examination question. The related modules covered 59% of the content of question 7 
and 65% of question 8, but on lower cognitive levels. The questions in the worksheets 
covered similar cognitive levels. The modules did not cover the proof of the theorem in 
question 9. Seven out of thirteen marks (54%) of question 9 were covered by the modules. 
The modules covered a similar sketch and questions as the examination question 9, but the 
learners performed very badly in this question. One of the explanations for this could be the 
fact that so few learners completed the last module J35 covering similar content. 
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Sub-question 3 
How did the module tests compare to the relevant examination questions in terms of 
cognitive levels? 
 
The data showed that it was easier for the learners to obtain higher marks in the module 
tests than in the examination questions, indicating that the module tests were easier than the 
examination questions. The data also showed that the totals of all test module questions for 
cognitive levels differ from the totals of all examination questions for cognitive levels in 
that the modules tested 13.1% more on the category Knowledge; 16.1% more on Skills; 
6.3% less on Understanding; 20.2% less on Application; and 2.7% less on Creative 
Thought. The modules therefore tested more basic skills than the examination questions.  
 
This study confirms that there is a gap between the acquisition and evaluation of core skills 
tested by the modules of the intervention and the wider knowledge and skills tested in the 
examination performance, as was mentioned in the BECTA Report (1998:7) 
 
6.2.3 The four sub-focuses 
 
Sub-focus 1 
Which items of the self-report questionnaire could be correlated with mathematics 
achievement as measured by end-of-year school leaving examinations in grade 12? 
 
Only three items of the self-report questionnaire, viz.: self-concept in mathematics; 
competency in computer skills and geometry total could be correlated with mathematics 
achievement as measured by end-of-year school leaving examinations in grade 12. This 
was a further indication that the researcher could only use certain parts of the self-report 
questionnaire to select the experimental and control groups. The researcher then had to 
include the other part of the instrument, viz.: prior knowledge in mathematics and English 
to select the two groups. 
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Sub-focus 2 
Can prior achievement in English language as measured by the June results of the same 
year be correlated with a learner’s performance in mathematics, with more proficient 
English learners achieving higher mathematics scores? 
 
The independent variable English marks of June 2003 could be significantly correlated (on 
the 5% level) with the dependent variable Paper 2 of the National Mathematics 
Examination of November 2003. This means that the English marks of the June 
examination could serve as a predictor of success in the end of year examination for both 
experimental and control groups. 
 
Sub-focus 3 
Can prior achievement in mathematics as measured by the June results of the same year be 
correlated with a learner’s performance in mathematics, with more proficient mathematics 
learners achieving higher mathematics scores? 
 
The independent variable mathematics marks of June 2003 could be significantly correlated 
(on the 5% level) with the dependent variable Paper 2 of the National Mathematics 
Examination. This means that the mathematics marks of the June examination could serve 
as a predictor of success in the end of year examination for both experimental and control 
groups. 
 
Sub-focus 4 
Can age, gender and time spent on the ILS be correlated with a learner’s performance in 
mathematics? 
 
There was a significant (5% level) difference between overall means for age groups in the 
experimental group. The Post Hoc test (LSD) indicated that only the old group differed 
significantly from the young group in the experimental group. This means that younger 
learners gained more by the intervention. 
 
Time on the system could also be significantly correlated (on the 5% level) with the results 
for Mathematics Paper 2, but not for the individual questions. This means that the more 
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time a learner spent on the programme the better his/her chances were to achieve higher 
marks in Mathematics Paper 2. 
 
Statistically there was no significant difference between the performance of male and 
female learners. 
 
6.3 CONCLUSIONS 
 
The research led to the following conclusions: 
 
Conclusion 1 
The intervention by the Master Maths programme did not make a statistical significant 
difference to the experimental group. The Master Maths programme led to only a 0.56% 
increase in the marks of the experimental group after the two groups were equated on their 
marks for English and mathematics of the June examinations of 2003. The average time 
spent on the system by the learners was thirty hours. One could argue that if a learner 
attended two holiday courses of five days each, lasting three hours each, giving a total of 
thirty hours, that such a learner’s mark should increase by between 10% and 20%. This is in 
fact what happened with the average of the experimental group. Table 4.16 gives the 
average mark for the experimental group as 36.12 out of 150 (24.08%) in June which 
increased to 52.84 out of 150 (35.23%) in November – an increase of 11.15%. The average 
mark for the control group increased from 22.46 out of 150 (14.9%) in June to 35.31 out of 
150 (23.54%) in December – an increase of 8.64%. The difference between the averages 
(2.51%) was reduced to a 0.56% increase in the marks of the experimental group, after the 
adjustment of the June examination marks for English and mathematics of the two groups 
were made to neutralize the effect of selection of the two groups. This indicates a problem 
with the selection of the two groups. Thus for the statistical techniques to be meaningful, 
the random selection of the two groups is an absolute prerequisite – even with a quasi-
experimental design. 
 
Conclusion 2 
The data demonstrate that proficiency in English language as measured by the June results 
of the same year can serve as a predictor of success in the end-of-year mathematics 
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examination for the experimental group, with more proficient English learners achieving 
higher mathematics scores. 
 
Conclusion 3 
The data demonstrate that proficiency in mathematics as measured by the June results of 
the same year can serve as a predictor of success in the end-of-year mathematics 
examination for the experimental group, with more proficient mathematics learners 
achieving higher mathematics scores. 
 
Conclusion 4 
 
The data demonstrate that age plays a significant (5% level) role with younger learners 
gaining more by the ILS intervention. 
 
Conclusion 5 
 
Time spent on the ILS plays a significant role. The more time learners spend on the ILS the 
better their chances will be to achieve higher marks in mathematics. 
 
Conclusion 6 
 
There was no significant difference between male and female learners’ mathematics marks 
after ILS use. 
 
Conclusion 7 
 
It was easier for the learners to obtain higher marks in the module tests than in the 
examination questions, indicating that the module tests were easier and that their cognitive 
levels were lower than the examination questions. 
 
6.4 RECOMMENDATIONS FOR PRACTICE 
 
The study prompted the following recommendations for practice: 
 
6.4.1 It is recommended that when teachers use ILSs they teach the application of basic 
skills. According to Parr (2003:44) ILSs have shown best results in basic skills acquisition, 
particularly in mathematics, but there is evidence of difficulty with the application of these 
142 
 
basic skills. Teachers need to plan their work carefully to help learners to apply the basic 
skills that they have learned. 
 
6.4.2 It is recommended that schools investigate a variety of models when ILSs are 
implemented. According to Parr (2003:44) different configurations of resources and 
allocation of personnel can affect educational outcomes. Schools should be aware of these 
models when planning implementation. 
 
6.4.3 Educators should implement a variety of assessment designs. Weaver (2000:132) 
argued that assessment should not be limited to comparing the effectiveness of CAI with 
conventional instruction because “these forms of assessment may fail to demonstrate that 
unexpected forms of cognitive change occur as a result of technology rich environments.” 
 
6.4.4 It can be recommended to teachers and schools, implementing such an ILS, with 
learners from previously disadvantaged schools, that they do not rely solely on the 
programme, but that they plan to incorporate the worksheets as well as old examination 
papers to help the learners to answer questions that integrate different aspects of the 
syllabus. 
 
6.5 NEED FOR FURTHER RESEARCH  
 
The study prompted the following aspects and fields in need of further research: 
 
6.5.1 An investigation into the possibility of two holiday revision courses in mathematics, 
of approximately thirty hours in total, to achieve a comparable percentage increase in the 
mathematics marks. It would certainly be much cheaper than equipping a laboratory with 
computers and buying the necessary software. CAL, especially an ILS, is a relatively costly 
option as an intervention. According to Parr (2003:44) the overall effectiveness of ILSs 
falls below the mean of all other types of interventions, and therefore schools need to think 
carefully about the cost effectiveness of ILSs. 
 
6.5.2 The repeat of a similar study with more learners from different schools and social 
backgrounds, using different software packages and for a longer period of time, covering 
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more topics of the South African mathematics syllabus. The Provincial Education 
Departments could embark on such projects involving all role players. The powerful role 
technology can play could be enhanced by: creating new links between schools and the 
world outside the schools; connecting individuals; providing resources and broadening the 
cultural and political contexts available to learners and teachers for exploration and 
evaluation. The value of working in collaboration where all parties are learning together 
and benefiting from the knowledge, expertise, and limitations that everyone brings to the 
task at hand could be further enhanced. 
 
6.5.3 The consideration whether the pedagogical approach of the software is compatible 
with classroom methods. Parr (2003:44) advised that consideration should be given as to 
whether the content of the ILS matches that of the school curriculum and whether the type 
of knowledge and skills and the way they are assessed on the system matches the 
curriculum assessment tasks. 
 
6.5.4 The conducting of a longitudinal study. A true longitudinal study would be 
beneficial because it could provide the opportunity to investigate a number of usage issues. 
According to Kirk (2003:95) these could include questions about the method of 
implementation:  
(a) Was the implementation standardized with minimum daily requirements?  
(b) Were certain groups of learners targeted for or excluded from use, either by design or 
because of convenience?  
(c) Did teachers plan for usage or was CAI used as a “filler” when learners had extra time? 
The first results of the three year Khanya Project of the Western Cape Department of 
Education will become available at the end of 2004. Further details can be obtained from 
the Khanya website (http://www.khanya.co.za). 
 
To end this section it is necessary to take note of the latest development in the US, because 
South Africa needs a similar national study to be launched. The No Child Left Behind Act 
called for the US Department of Education to carry out a national study of the effectiveness 
of educational technology. A design team was formed and in May of 2003 they (Agodini et 
al. 2003:vi) released a draft report containing recommendations. These recommendations 
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need to be studied carefully by any future researcher on the effectiveness of educational 
technology. 
 
The design team also called for the national study to go beyond the question of 
effectiveness and to ask questions about the conditions and practices related to 
effectiveness. The team agreed that teacher training is important as prior research had noted 
its relationship to the effectiveness of technology applications. Other factors that could be 
studied included characteristics of learners, their parents, their teachers, their classroom, 
their school, their district, and their neighbourhood. They also recommend that statistical 
modelling techniques be used to estimate a set of relationships between various conditions 
and practices, and the effectiveness of technology applications (Agodini et al. 2003:vii).  
 
The design team also presented a conceptual framework that is worth considering, linking 
technology and achievement (Agodini et al. 2003:10). They also considered how to select 
technology applications for the national study and how to recruit school districts and 
schools to be part of the study (Agodini et al. 2003:vii). 
 
6.6 FINAL REMARKS 
 
The implementation of computer software programmes in the form of ILSs is certainly not 
a quick fix for the country’s crisis in mathematics education, but such systems do have 
potential value – especially with the future possibility of open internet connectivity for the 
broader community. 
 
Software designers will have to incorporate new assessment standards set for the new 
Further Education and Training (FET) phase that is planned for implementation in 2006, 
starting with grade 10. 
 
The statistical results of this study showed a non-significant positive influence of the ILS 
use on mathematics achievement, but with future implementation over a longer period the 
research findings might be educationally meaningful and significant. An effect size of 0.35 
emerged from the review of the literature for this study as a reasonable target for such a 
study. 
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APPENDIX A:     LIST OF COMPUTER SOFTWARE DESIGNERS FOR    
MATHEMATICS IN SOUTH AFRICAN SECONDARY 
SCHOOLS WITH CONTACT NUMBERS 
 
BRAND NAME ADDRESS CONTACT NUMBERS 
ADESSA 
Association of Digital 
Education Software 
Suppliers in Africa 
 http://www.adessa.org.za 
Creative Learning 
Systems 
 http://www.creativelearning.co.za/ 
Intellectual Software 
Group (Pty) Ltd 
CAIROO  
 
 
PO Box 41 
Montana Park 
0159 
Tel: (012) 548-9326 
Fax: (012) 548-4065 
e-mail: cairoo@mweb.co.za 
CAMI Mathematics  
C.C. 
 
Library Centre 
Fir Drive 
Northcliff 
PO Box 1200 
Florida 
1710 
Tel: (011) 476-2020 
Fax: (011) 476-6842 
 
e-mail: info@camiweb.com 
www.camiweb.com 
Edit Micro Systems  http://www.editmicro.co.za 
Evalunet  http://evalunet.co.za 
Kipp  Mc Grath 
Education Centres 
 http://www.kangaroo.co.za 
Learning Channel 
Online 
 www.learn.co.za 
Math Goodies  www.mathgoodies.com/ 
Master Maths 
 
PO Box 573 
Somerset West 
7129 
Tel: (021) 8515660 
Fax: (021) 8515300 
e-mail: info@mastermaths.co.za 
www.m2maths.com 
Mathematics On The 
Net 
 
 www.mjvn.co.za/maths/ 
Math-Pro 
 
PO Box 35416 
Menlo Park 
0102 
Tel: (012) 460-5894 
Fax: (012) 460-1288 
e-mail: maths@obc.co.za 
Mweb  www.mweb.co.za 
Math Trek 
 
 
I.Q. Smart  
3 Lancaster 
Rd, 
Westdene, 2109 
Tel: (011) 482 6125 
Fax: (011) 482 6752 
www.mathtrek.net 
Woel met Wiskunde 
The Maths Story 
SA Insituut vir 
Wiskunde 
Posbus 1255 
Brackenfell 
7561 
Tel: (021) 982 1297 
Fax: (021) 982 1298 
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APPENDIX B: SYLLABUS COVERAGE OF MASTER MATHS MODULES AS 
COMPARED TO THE CORE SYLLABUS OF THE GUIDELINE 
DOCUMENT FOR MATHEMATICS STANDARD GRADE GRADE 
11 & 12 PAPER ONE & PAPER TWO 
 
 STANDARD GRADE 
GRADE 11 
PAPER ONE 
MASTER MATHS 
MODULE CODES 
1. ALGEBRA  
1.1 
A brief intuitive review of the real numbers. 
 
I33 
1.2 
 
1.2.1 
 
 
 
 
 
 
 
 
 
 
 
1.2.2 
 
 
 
1.2.3 
Functions  (No point by point plotting of graphs will be 
required for examination purposes.) 
Graphical representation of the functions defined by 
(a) y = ax2 + bx + c (a≠0) 
 
 
 
 
 
 
 
 
 
 
The deduction of the characteristics of the functions 1.2.1 
from their equations and graphical representation. 
 
 
Graphical representation of simultaneous equations with 
respect to functions from 1.2.1, including their intersection 
with ax + by + c = 0. 
 
NOTE: 
 Determining the equation of the quadratic function if:  
(a)  the turning point and one other point is given;  
(b)  the x-intercepts(zeros) and one other point is  given;  and 
(c ) the y-intercept and any two points are given  may be   
examined. 
 
 
 
 
I24, I25 
 
 
 
 
 
 
 
 
 
 
I26, I27 
 
 
 
I41, I42 
1.3 
 
1.3.1 
 
 
 
 
 
Quadratic equations. 
 
The roots of ax2 + bx + c = 0 where a,b and c are rational(a≠0) 
 
(a) The solution of ax2 + bx + c = 0. 
 
 
 
 
 
 
 
I08, I14 
 
 
 
NOTE:   
(1) The functions or relations covered in the  grade 10  
      syllabus may also be examined.  
(2) Alternate forms for equations of the parabola: 
 
(i)   y = a (x −  p)2+q with (p;q) as turning point 
(ii)  y = a (x − α)(x − β) where α and β are the  
i. x-intercepts 
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 (b) Conditions for which the equation is solvable on the set of   
      real numbers. 
 
(c) Equal and unequal roots; rational and irrational roots; real  
     and non-real roots 
 
 
I15, I19, I20 
 
 
 
II33, I35, I36 
1.4 
 
1.4.1 
The remainder and factor theorem. 
 
Applications including solution of equations of the third 
degree. 
 
 
 
 
 
I01 
 
I03, I04 
1.5 
 
1.5.1 
 
 
 
 
 
 
 
Systems of equations. 
 
Solving of simultaneous equations in two unknowns of which 
one equation is of the first and the other of the second degree. 
 
 
 
I41 
 
I42 
 
1.6 
 
 
1.6.1 
 
 
 
1.6.2 
 
 
 
 
 
 
 
1.6.3 
1.6.4 
 
 
 
 
Exponents. 
 
Solving of equations of the form ax b
m
n
− = 0  where m and n 
are integers, n≠0. 
 
 
Relationship between surds and exponents and notation for the 
corresponding basic properties where a and b are positive and 
m and n are positive integers. 
(a)   a b abn n nΧ =                 (b)   a anm mn=  
 
(c)  ( )a am n nm=                       (d)   ab ab a b
n
m
n= >, 0  
Rationalization of surds of fractions limited to one terms. 
 
Solve of simple exponential equations, without the use of a 
calculator. 
 
 
 
 
I09 
 
 
 
I28 
I37 
I38 
I43 
I44 
I44 
 
 
I44 
 
I40 
NOTE: 
 Proofs of the remainder and factor theorems will not be 
examined. 
NOTE: 
 In the system of equations the linear equation 
 ax + by + c = 0 must have at least a = 1 or b = 1 
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 STANDARD GRADE 
GRADE 12 
PAPER ONE  
MASTER MATHS 
MODULE CODE 
1. 
 
1.1 
 
1.1.1 
 
1.1.2 
 
 
1.1.3 
 
 
 
 
 
 
 
1.1.4 
 
 
1.1.5 
 
 
 
 
 
ALGEBRA 
 
Logarithms. 
 
The definition of a logarithm. 
 
The conversion of exponential form to logarithmic form 
and conversely. 
The basic laws of logarithms.  (Proofs are not required for 
examination purposes) 
LogcAB = logcA + logcB; logcA/B = logcA – logcB; and  
logcAn = nlogcA. 
 
 
The application of the above in the solution of simple 
equations, e.g. (1) 5x = 17,  (2) 4.3x + 2 = 15. 
 
The solution of practical problems, e.g. the determination of n 
in the compound interest formula A P r n= −( )1
100
. 
 
N.B. Where applicable the solution of problems with the aid of 
the calculator must also be taught and examined. 
 
 
 
 
 
J37 
 
 
J37 
 
 
 
J38 
J39 
 
 
 J40 
 
 
 
J33 
1.2 
 
1.2.1 
 
1.2.2 
 
Compound increase and decrease. 
 
Calculation of the initial and final sum. 
 
Calculation of rate. 
 
 
 
J27 
 
J29, J32 
 
NOTE: 
(a) The above-mentioned without proofs. 
(b) Those questions in which the question 
specifically asks for rational denominators will 
be restricted to monomial denominators. 
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1.2.3 
 
Calculation of intervals. J33 
 
1.3 
 
1.3.1 
 
 
1.3.2 
 
 
1.3.3 
 
1.3.4 
 
Sequences and series. 
 
Characteristics and the general terms of arithmetic and 
geometric sequences. 
 
The writing of a series in expanded form from when given in 
 - notation, but not the converse. 
 
Calculations involving the sum to n terms of arithmetic and 
geometric series. 
 
Solving simple problems using the above. 
 
 
 
 
J13, J20, J23 
 
 
J26 
 
 
 
J28 
 
J30, J31 
 
2 
 
2.1 
 
DIFFERENTIAL CALCULUS 
 
The average gradient of a curve between two points; average 
speed. 
 
 
 
J03 
 
2.2 
 
2.2.1 
 
 
2.2.2 
 
 
 
2.2.3 
 
2.2.4 
 
Limits 
 
Intuitive approach to the concept of a limit. 
 
Determining 
lim ( ) ( )
h
f x h f x
h→
+ −
0
, for f  one of the 
following functions :  
 k;  ax;  ax + b;  ax2 . 
The derivative of a function; the notations: Dx; 
d
dx
f x; '( ). 
The gradient of a curve at any point on the curve. 
 
 
 
 
J04 
 
 
J05 
 
 
 
 
J06 
 
J07 
 
2.3 
 
[ ]D x nxx n n= −1 , n real (without proof.) 
 
 
J06 & J07 
 
2.4 
 
2.4.1 
 
 
2.4.2 
 
Rules for differentiating. 
 
Dx[f(x) ± g(x)] = Dx[f(x)] + Dx[g(x)] 
 
 
Dx[k.f(x)] = k.Dx[f(x)]. 
 
 
 
 
J06 
 
 
J06 
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2.5 
 
2.5.1 
 
 
2.5.2 
 
 
 
 
 
Applications. 
 
Turning points and sketches of polynomials of at most the 
third degree. 
 
Simple practical problems in connection with maxima and 
minima and rates of change. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
J08 
 
 
J15 
 
 
 STANDARD GRADE 
GRADE  11 PAPER TWO 
MASTER MATHS 
MODULE CODE 
2.    TRIGONOMETRY  
2.1 Expansion of the definitions of the six trigonometric functions 
for any angle over  [0°; 360°] in terms of co-ordinates with 
respect to perpendicular axes. 
 
 
 
I10 
2.2 Function values for  (90° − θ);  (180° ± θ);  (360° − θ) 
expressed in function values for  θ ,  where  θ  ∈  [0°; 90°]. 
I18, I29 
NOTE:  
(1) Drawing of curves requires that all turning points and 
intercepts be labeled 
(2) Determining the points of inflection will not be asked. 
(3) Interpretive questions from the graph may be asked 
(4) Equations of tangents to graphs may be asked  
 
NOTE: 
 Proof of the rules for differentiating are not for 
examination purposes. 
 
NOTE: Negative angles are not included. 
Also avoid using x and y when naming angles in a 
Cartesian Plane. 
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2.3 Graphs of  y  =  sin θ,  y  =  cos θ  and  y  =  tan θ. 
 
 
 
 
I54 
 
2.4 
 
Function values for  0°;  30°;  and   45° and multiples thereof 
over [0°;360°] 
without the use of calculators. 
 
I60 
 
2.5 
 
2.5.1 
 
2.5.2 
 
2.5.3 
 
The mutual relationship between trigonometric functions. 
 
Reciprocal functions, e.g.   
θ
θ
sin 
1
   cosec =  
 
Quotient functions, e.g.   θ=
θ
θ
 tan  
 cos
sin 
  
 
 
Quadratic formulae: 
(a)   12cos2sin =θ+θ  
(b)   θ=+θ 2sec12tan  
(c)   θ=+θ 2cosec 12cot  
 
 
 
 
 
 
 
I18 
 
 
I29 
 
 
I61 
NOTE: 
 
• (90°+ θ) and (270° ± θ) are not included. 
• This section may or may not include the use of a 
calculator to evaluate trigonometric function values 
and to solve simple equations. 
• When trigonometric ratios or angles are calculated, 
the answer should be rounded off to two decimal 
digits correctly unless the question states  
otherwise. 
NOTE: 
 
Refer to section 3.2 of Grade 12 syllabus. 
 
NOTE: 
Proofs of  identities, using fundamental identities may be 
examined. 
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2.6 
 
2.6.1 
 
2.6.2 
 
2.6.3 
 
2.6.4 
 
 
 
 
 
 
 
 
 
Formulae. 
 
The sine rule; 
 
The cosine rule; 
 
Area of triangle  ABC  =  C sin2
1 ab ; and 
 
Application of the above formula in the solution of: 
(a)   triangles; and 
(b)   problems in two and  three dimensions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I64 
 
I65 
 
I66 
 
 
I69 
 
3. 
 
EUCLIDEAN GEOMETRY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
  (i)   The following must be treated within the framework of 
a mathematical system.  Hence only axioms in logic and 
definitions, axioms and theorems that occur in this list 
or in the lists for Grades 9 and 10 may be used as 
reasons for statements in solving riders. 
 
 (ii) Although all theorems must be proved only proofs of 
theorems (but not their converses) denoted with an 
asterisk (*) in the following list will be required for 
examination purposes. 
 
 
(iii) Applications of any axiom or theorem in this list or in 
the lists for Grade 9 and Grade 10 may be set. (No 
constructions for examination purposes.) 
 
 (iv) Not more than three tenths of the marks for Geometry 
will be given for bookwork in the examination. 
 
  (v) A logical order of the following should be adhered to. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE 
 
*   Proofs may be examined 
*   The triangle (either acute or obtuse) for which 
the proof is required, should be stipulated in the 
question. 
*   The area rule may be used to prove the sine rule. 
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3.1 
 
*3.2 
 
 
 
 
3.2.1 
 
 
3.2.2 
 
 
*3.3 
 
 
 
  3.4 
 
 
 
 
  
 3.5 
 
 
 
 
3.5.1 
 
*3.6 
 
 
 
  3.7 
 
 
 
  
3.8 
 
 
 
 
  3.9 
 
 
 
The theorem of Pythagoras (without proof). 
 
The line segment joining the centre of a circle to the midpoint 
of a chord is perpendicular to the chord, and conversely, the 
perpendicular drawn from the centre of a circle to a chord 
bisects the chord.   (Theorem) 
 
Corollary:  The perpendicular bisector of a chord passes 
through the centre of a circle. 
 
A unique circle can be drawn through any three points not in a 
line. 
 
The angle, which an arc of a circle subtends at the centre, is 
double the angle it subtends at any point on the circumference.   
(Theorem) 
 
The angle at the circumference of a circle subtended by a 
diameter is a right angle, and conversely if a chord of a circle 
subtends a right angle on the circumference, the chord is a 
diameter.   (Theorem)  
 
 
Angles in the same segment of a circle are equal and 
conversely, if a line segment joining two points subtends equal 
angles at two other points on the same side of the line segment, 
these four points are co cyclic.(Theorem) 
 
Angles in equal segments of a circle, or of equal circles, are 
equal.   (Theorem) 
The opposite angles of a cyclic quadrilateral are supplementary, 
and conversely, if a pair of opposite angles of a quadrilateral is 
supplementary, then the quadrilateral is cyclic.   (Theorem) 
 
The exterior angle of a cyclic quadrilateral is equal to the 
interior opposite angle, and conversely, if an exterior angle of a 
quadrilateral is equal to the interior opposite angle, then the 
quadrilateral is cyclic.   (Theorem) 
 
A tangent to a circle is perpendicular to the radius at the point 
of contact, and conversely, a line drawn perpendicular to a 
radius at the point where it meets the circumference is a tangent 
to the circle.   (Theorem) 
 
If two tangents are drawn to a circle through a common point, 
then the distances between this point and the points of contact 
are equal.   (Theorem) 
 
G09 
 
I12 
 
 
 
 
I12 
 
 
I11 
 
 
I11 
 
 
 
I13 
 
 
 
 
 
I13 
 
 
 
 
I16 
 
I16 
 
 
 
I17 
 
 
 
 
I17 
 
 
 
 
I16 
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3.10 
* 
The angle between a tangent to a circle and a chord drawn from 
the point of contact is equal to an angle in the alternate 
segment, and conversely, if a line is drawn through the end 
point of a chord making with the chord an angle in the alternate 
segment, then the line is a tangent to the circle.   (Theorem) 
 
I17 
 
    STANDARD GRADE    
GRADE  12 SECOND PAPER 
MASTER MATHS 
MODULE CODE 
3. TRIGONOMETRY  
3.1 
 
3.1.1 
 
 
3.1.2 
The sine, cosine and tangent functions. 
 
Description of domain and range within  [0°; 360°] 
 
 
Sketches of curves of the following types: 
 
y = a sin x,    y = a cos x,    y = a tan x,  x ∈ [0°; 360°] 
 
y = sin ax,    y = cos ax 
 
(a an integer  and  ax ∈ [0°;360°]  ) 
 
I10 
 
 
 
 
I54 
 
I56 
 
I58 
3.2 Solving elementary trigonometric equations as stated in 3.1.2. 
 
 
NOTE: Not more than 15% theory will be tested in any one 
examination paper. 
 
 
I63 & I70 
NOTE: 
*   The proof of a Grade 11 theorem marked with an *  will 
be  examined. 
*   Proofs of converse theorems are not examinable. 
*   Some geometry questions will be based on numerical       
     calculations or calculations involving x. 
 
NOTE: 
• Only one deviation from the basic graph will  
be examined. (either period, or amplitude)  
• If θ  is used as the independent variable in 
trigonometric graphs the horizontal axis should 
be labelled θ. 
• Axes for trigonometric graphs may be supplied. 
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4. EUCLIDEAN GEOMETRY  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*4.1 
 
 
 
  
 4.2 
 
*4.3 
 
 
 
   
4.4 
 
 
 
 
 
 
 
  (i)   The following must be treated within the framework 
of a mathematical system.  Hence only axioms in logic 
and definitions, axioms and theorems that occur in 
this list or in the lists for Grades 9, 10 and 11 may be 
used as reasons for statements in solving riders. 
 
 (ii) Although all theorems must be proved only proofs of 
theorems (but not their converses) denoted with an 
asterisk (*) will be required for examination purposes. 
 
(iii) Applications of any axiom or theorem in this list or in 
the lists for Grades 9, 10 or 11 a may be set. (No 
constructions for examination purposes.) 
 
 (iv) Not more than three tenths of the marks for geometry 
will be given for bookwork in the examination. 
 
  (v) A logical order of the following should be adhered to: 
 
A line parallel to one side of a triangle divides the two other 
sides proportionally and conversely, if a line divides two sides 
of a triangle proportionally, it is parallel to the third side.  
(Theorem) 
 
Definition of similarity. 
 
If two triangles are equiangular, the corresponding sides are 
proportional and conversely, if the corresponding sides of a 
triangle are proportional, the triangle is equiangular.   
(Theorem) 
 
Equiangular triangles are similar, and if the corresponding 
sides of two triangles are proportional, the triangles are 
similar.   (Corollaries) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
J35 
 
 
 
 
J35 
 
J35 
 
 
 
 
J35 
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5. 
 
ANALYTICAL GEOMETRY IN A PLANE 
 
 
5.1 
 
5.2 
 
5.3 
 
5.4 
 
5.5 
 
5.6 
 
5.7 
 
5.8 
 
5.9 
 
5.10 
 
  
The distance between two points. 
 
The mid-point of a line segment. 
 
Gradient of a line. 
 
Equation of a line and its sketch. 
 
Perpendicular and parallel lines. 
 
Collinear points and intersecting lines. 
 
Intercepts made by a line on the axes. 
 
Equations of circles with centre S(0; 0) and given radius. 
 
Points of intersection of lines and circles. 
 
Other loci with respect to straight lines and circles. 
 
 
J01 &J02 & J09 
 
J11 
 
J17 
 
J19 &J21 
 
J18 
 
J17 
 
J21 
 
J22 
 
J18 
 
J22 
 
 
 
NOTE: 
 
• The sine rule cannot be used to prove the 
similarity theorem. 
• Proof of one Grade 12 theorem will be examined 
in each examination. 
• Where theorems have more than one diagram 
the one required for the proof will be given in 
the examination paper, and candidates will be 
instructed to use the given diagram. 
• Marks will be awarded for statements and 
significant reasons. 
• A mark may be awarded for the final statement 
and reason in a proof. 
• Abbreviations that are clearly understood are 
acceptable for reasons. 
• In geometry sketches, different letters must be 
used for subsequent questions. 
• Angles may be labelled 1ˆA ; 2ˆA ; 3ˆB  etc. but 
21ˆ +A is not preferred 
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APPENDIX C:  LEARNER SELF-REPORT FOR FRAMESBY / MASTER MATHS   
PROJECT WITH SCORING METHOD TO SELECT 
EXPERIMENTAL GROUP 
 
 
PERSONAL DETAIL: 
 
Name: ……………………………… 
Surname: …………………………… 
Grade: ……………………………… 
 
ANSWER THE QUESTIONS BY ENCIRCLING EITHER A, B, C, D OR E. 
 
1. Are you willing to attend the sessions every  
Saturday, from 09:00 -12:00 during July, August 
and September 2003 at Framesby High School?  
(Transport would be arranged) 
(Only learners who were willing and able to attend 
could be selected.) 
 
2. What is your sex?     
   
 
 (The research could reveal differences in achievement between the sexes, 
therefore 13 males and 13 females were selected.) 
 
SELF-CONCEPT IN MATHEMATICS: 
Learner responses to a 5-point Likert-type scale (ranging from, A, strongly agree to,E, 
strongly disagree) were recorded and scored as indicated. 
 
3. I am good at mathematics A B C D E 
4. I usually understand what we are doing in mathematics A B C D E 
                                                                              Scores 5 4 3 2 1 
 
(Learners choosing A or B would score more.) 
 
ATTITUDE TOWARDS MATHEMATICS: 
 
What is your opinion about mathematics?    Mark one of the letters A – E on the answer 
sheet. 
Do you think mathematics is … 
 
5. Complex A B C D E Simple 
6. Difficult to learn A B C D E Easy to learn 
7. Boring A B C D E Interesting 
8. Worthless to me A B C D E Valuable to me 
9. About theories A B C D E About real things 
10. For learners only A B C D E For everyone 
YES NO 
A B 
Scores 1 Scores 0 
MALE FEMALE 
A B 
Scores 1 Scores 2 
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11. Worthless to society A B C D E Valuable to society 
12. Unrelated to physics A B C D E Related to physics 
13. Unrelated to biology A B C D E Related to biology 
14. Unrelated to art A B C D E Related to art 
                       Scores 1 2 3 4 5 Calculate a single 
value for attitude 
 
(Learners choosing E or D would score more.) 
 
EDUCATIONAL ASPIRATIONS: 
 
Mark one of the letters A – E on the answer sheet. 
 
  Matric 
Only 
One  
year 
after 
matic 
Two 
years 
after 
matric 
Three 
years 
after 
matric 
Four 
or 
more 
years 
after 
matric 
15. The highest level of education you 
expect to attain, is … 
A B C D E 
                                                             
Scores 
1 2 3 4 5 
(Learners choosing E or D would score more.) 
 
ENVIRONMENTAL VARIABLES: 
 
Mark one of the letters A – E on the answer sheet. 
A = Strongly Agree, B = Agree, C = uncertain, D = disagree, E = strongly disagree. 
 
16. My friends like mathematics A B C D E 
17. My friends do well in mathematics A B C D E 
18. My friends plan to go to a Technikon or 
University 
A B C D E 
19. My mathematics teacher expects me to do my 
best all the time 
A B C D E 
20. My mathematics teacher expects me to work 
hard at mathematics 
A B C D E 
21. My mathematics teacher expects me to 
complete my homework every day 
A B C D E 
22. My mathematics teacher thinks it is very 
important that I do well in mathematics 
A B C D E 
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HOMEWORK: 
 
Mark one of the options A – E on the answer sheet. 
 
28. I spent the following time on homework per 
week for all my subjects 
0-2 
hours 
A 
3-5 
hours 
B 
6-8 
hours 
C 
9-11 
hours 
D 
12 –15 
hours 
E 
                                                        Scores 1 2 3 4 5 
 
COMPUTER SKILLS 
Certain basic computer skills are prerequisites for the course. 
Indicate by encircling the appropriate letter A to E. 
The following questions were posed and scored as indicated. 
 
  Never 
before 
Once or  
twice in  
a year 
Once or  
twice in  
a term 
Once or  
twice in  
a month 
Every 
week 
29 How often have you worked on  
a computer before? 
A B C D E 
30 At home A B C D E 
31 At school A B C D E 
32 At a friend’s house A B C D E 
33 At a business A B C D E 
                                    Scores 1 2 3 4 5 
How often have you worked with each of the following programmes? 
Indicate by encircling either A, B, C, D or E. 
 
  Never 
before 
Once or  
twice in  
a year 
Once or  
twice in  
a term 
Once or  
twice in  
a month 
Every 
week 
34 Games A B C D E 
35 Word processor A B C D E 
36 Spread sheet A B C D E 
37 Data base A B C D E 
38 Mathematics programme A B C D E 
                             Scores 1 2 3 4 5 
23. My parents have always encouraged me to do 
well in mathematics 
A B C D E 
24. My parents expect me to do well in 
mathematics 
A B C D E 
25. My parents think that mathematics is 
important. 
A B C D E 
26. This year I have read six or more books (not 
for class) 
A B C D E 
27. This year I have read a newspaper at least 3 
times per week 
A B C D E 
                                                               Scores 5 4 3 2 1 
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ANSWER YES OR NO FOR THE FOLLOWING: 
Indicate by encircling either A or B. 
 
  YES NO 
39. Can you switch a computer on? A B 
40. Can you press control, alt and delete at the same time? A B 
41. Can you click with a mouse? A B 
42. Can you double click with a mouse? A B 
43. Can you click and drag with a mouse? A B 
44. Can you point with a cursor? A B 
45. Can you “log on” to a network? A B 
46. Can you read the instructions in English on the screen? A B 
47. Can you type on the keyboard? A B 
48. Can you type capital letters on the keyboard? A B 
49. Do you think that the computer programme will help you to do 
better in mathematics? 
A B 
                                                                                       Scores 1 0 
 
 
MATHEMTICAL SKILLS 
 
The two main parts that we will be covering with the computer programme is 
TRIGONOMETRY and GEOMETRY for grade 11 and 12. Can you remember the 
following: 
Refer to the diagram and answer the following questions by encircling either A, B, C or D.  
 
(The correct answer is highlighted in grey). 
 
50. Sin = …… 
 
(A) 
r
x
 (B) 
r
y
 (C) 
x
y
 (D) 
y
r
 
 
51. Cos = ……. 
 
(A) 
r
x
 (B) 
r
y
  (C) 
x
y
 (D) 
x
r
 
 
 
 
 X 
Y 
y 
x 
r 
 
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52. Tan = ……. 
(A) 
r
x
 (B) 
r
y
  (C) 
x
y
 (D) 
y
x
 
 
53. The ratio ......=
BC
AB
 
  
(A) sin (B) cos (C) tan (D) none of these 
 
54. The cosine rule for solving triangles is given by: 
 
(A) Baccab cos2222 −+=  
 
 (B) Baccab cos2222 ++=  
 
 (C) Baccab cos222 −+=  
 
(D) none of the above 
 
 
55. The area rule for triangles is given by: 
 
(A) CabABCarea cos21=∆  
 
(B) CabABCarea sin21=∆  
 
(C) AabABCarea sin21=∆  
 
(D) none of the above 
 
 
 
 
 
 
 
 
 
C 
B A 
 
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56.  
 
  
This is the graph of ….. 
  
(A)  y = cos,  where   [0º; 360º] 
  
      (B)       y = sin,  where   [0º; 360º] 
 
(C)        y = tan,  where   [0º; 360º] 
 
(D)        none of the above 
 
 
57. 
  
 
 This is the graph of … .. 
  
(A) y = cos, where   [0º; 360º] 
 
(B) y = sin, where   [0º; 360º] 
 
(C)    y = tan, where   [0º; 360º] 
 
(D)    none of the above 
(90º; 1) 
(270º; -1) 
360º 
180º 0º 
Y 
 
(180º; -1) 
 
(360º; 1) 
270º 90º 0º 
Y 
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58. 
 .  
 This is the graph of … . 
  
(A)      y = cos, where   [0º; 360º] 
 
(B)      y = sin, where   [0º; 360º] 
 
(C)      y = tan, where   [0º; 360º] 
 
(D)       none of the above 
 
59. 
 
If sin = ½, then the angle  = …  
 
(A)     60º or 120º 
 
(B)     45º or 135º 
 
(C)      30º or 150º 
 
(D)      none of the above 
 
 
(90º; 1) 
(270º; -1) 
360º 
180º 0º 
Y 
 
½ 
  
Y 
 
360º 
270º 180º 90º 0º 
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GEOMETRY: 
 
Refer to the diagram and answer the following questions: 
 
 
Line AB is parallel to line CD and line EF cuts both AB and CD. 
 
60. One pair of alternate equal angles is 1 and 3                         
 
 
61. One pair of corresponding equal angles is 1 and 4                                      
 
 
62. One pair of co-interior angles is 2 and 3   
   
 
 
 
63. Which one of the following is not one of the four cases for CONGRUENCY: 
 
 (A)      (S,S,S) 
 
  (B)      (90º, H, S) 
 
  (C)       (S, A,S) 
 
(D)       (A,A,A) 
 
 
64.  The theorem of Pythagoras states that: 
  
(A)      OB² = OD² + DB²                                  
 
(B)      OB² = OD² - DB² 
 
(C)      DB² = OD² + OB² 
 
(D)      None of the above 
TRUE FALSE 
A B 
TRUE FALSE 
A B 
TRUE FALSE 
A B 
A B 
D C 
4 
3 2 
1 
E 
F 
D B 
O 
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65. 
 
 
 
66. 
 
67. 
 
 
 
 
C 
D 
A 
B 
x 
28º 
^^
B and A  are subtended by chord DC.  
If  
^
B  = 28º , then 
^
x  = … . 
 
(A) 14º 
 
(B) 28º 
 
(C) 56º 
 
(D) 62º  
A 
B 
C 
D 
120º 
x 
A 
B 
D 
E 
x 
50º 
ABC is a tangent to the circle at B. 
DB is a chord with °= 50
^
DBA  
^
x = … . 
 
(A)       130º 
 
(B)       100º 
 
(C)       50º 
 
(D)       40º  
ABCD is a cyclic quadrilateral with A
^
B C = 120º 
The value of 
^
x  is: 
 
(A)     60º 
 
(B)           80º 
 
(C)    120º 
 
(D)     none of the above 
C 
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68.
69. 
 
 
70. 
 
 
 
 
THANK YOU FOR TAKING PART IN THIS PROJECT!  
A D B 
O 
x 
60º 
AB is a chord of the circle with centre O. D is the 
midpoint of AB and °= 60
^
DAO . Then ....
^
=x  
 
(A)       90º 
 
(B)       60º 
 
(C)        45º 
 
(D)        30º 
A 
B 
O 
C 
x 
70º 
O is the centre of the circle and 70=
∧
AOB  
Then ....=
∧
x  
 
(A) 20º 
 
(B) 35º 
 
(C) 70º 
 
(D) 140º 
B D 
A 
C 
x 
40º O 
AB is a tangent to the circle with centre O. 
If 40=
∧
CAB , then .....=
∧
x  
 
(A) 20º 
 
(B) 40º 
 
(C) 50º 
 
(D) 80º 
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APPENDIX D 
Table D1 – Results of module I54 
No  1.1.1 1.1.2 1.1.3 1.1.4 1.1.5 1.2.1 1.2.2 1.3 1.4 2.1 2.2 2.3 2.4 2.5 3.1 3.2 3.3 3.4 3.5 4.1 4.2 4.3 4.4 4.5 ToT  
27 
 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 0 20 
28 
 1 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 20 
29 
 0 1 1 1 0 1 1 0 1 1 1 1 1 1                     11 
30 
 1 1 1 0 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 16 
31 
 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 19 
32 
 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 17 
33 
 0 1 1 1 0 0 1 1 0 1 1 1 1 1 0 0 0 1 1 1 0 0 1 0 14 
34 
 1 1 0 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 19 
35 
                                                 0 
36 
 0 1 1 0 1 1 1 0 0 0 0 0 1 1 1 1 0 1 1 1 1 0 0 0 13 
37 
 0 0 0 1 0 1 1 0 0 1 1 1 0 1 1 1 0 1 1 1 0 0 1 1 14 
38 
                                                 0 
40 
 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 21 
41 
                                                 0 
42 
 1 1 0 0 1 0 0 0 0 0 1 1 1 1 0 1 0 1 0 1 0 0 0 0 10 
43 
 1 1 1 1 0 1 0 0 1 1 1 1 1 1 1 1 0 1 1 0 1 1 0 1 18 
44 
 1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 1 1 1 0 1 1 0 0 17 
45 
 0 1 0 1 1 1 0 0 0 1 1 1 0 0 1 0 0 1 1 1 0 1 0 1 13 
46 
                                                 0 
49 
 0 0 0 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 0 15 
50 
 1 1 1 1 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 20 
51 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 24 
52 
 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 20 
53 
 1   1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 0 0 19 
54 
 0 0 0 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 0 14 
55 
 1 1 0 1 1 1 1 0 1 1 0 0 0 1 0 1 1 1 0 0 1 1 0 0 14 
Total 14 17 13 18 12 15 12 7 13 20 19 18 18 20 18 19 14 21 18 18 13 12 11 8 368 
% Correct 64 77 59.1 81.8 54.5 68.2 54.5 32 59 91 86 82 82 91 82 86 64 95 82 82 59 55 50 36 69.7 
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APPENDIX D 
Table D2 – Results of module I56 
 
No  1.1 1.2 1.3 1.4 1.5 1.6 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 3.1o Tot 
27 
 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 14 
28 
 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 15 
29 
 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 14 
30 
 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 14 
31 
 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 13 
32 
 1 1 1 0 1 1 1 0 1 1 1 1 0 1 1 0 12 
33 
 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 15 
34 
 1 1 1 0 1 1 1 1 1 0 1 1 0 0 1 0 11 
35 
 0 0 1 0 1 0 1 1 1 1 1 1 0 0 1 0 9 
36 
 1 0 1 1 0 1 1 1 0 1 1 1 0 0 1 0 10 
37 
 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 15 
38 
 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 14 
40 
 0 1 1 0 1 1 1 0 1 0 0 0 1 0 1 0 8 
41 
                                 0 
42 
 0 0 1 1 1 1 0 0 1 0 0 0 0 0 1 0 6 
43 
 1 1 1 0 1 1 1 0 1 1 1 1 0 0 1 0 11 
44 
 1 1 1 0 1 1 0 1 0 0 1 1 0 0 1 0 9 
45 
 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 14 
46 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 16 
49 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 16 
50 
 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 14 
51 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 16 
52 
 0 1 1 1 0 1 0 1 1 1 1 1 1 1 1 0 12 
53 
 1 0 1 1 1 1 1 1 1 1 1 1 0 0 1 0 12 
54 
 0 0 1 0 1 1 1 1 0 1 1 1 0 0 1 0 9 
55 
 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 13 
Total 19 18 25 17 23 24 22 21 21 21 23 23 14 10 24 7 312 
% 
Correct 76 72 100 68 92 96 88 84 84 84 92 92 56 40 96 28 78 
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 1.1 1.2. 2 3 4.1 4.2 4.3   
No  1 2 3 1 2 3 4 1 2 3 4 5 1 2 3 4 5 6 6 1 2 3 1 2 3 1 2 3 4 5 6 7 Tot 
27 
                                             
          
  
        0 
28 
 1 0 0 0 1 0 0 1 1 1 1 1 0 0 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1 0 1 0 19 
29 
 1 1 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 28 
30 
 1 1 0 1 0 0 0 1 1 1 1 1 0 0 0 0 1 0 0 1 1 1 1 1 1 1 1 0 1 0 0 0 18 
31 
 1 1   0 0 0 0 1 1 1 1 1 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 23 
32 
 1 1 1 0 1 0 0 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 24 
33 
 1 0 1 0 0 1 0 1 1 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 1 1 1 1 1 1 1 1 23 
34 
                                             
          
  
        0 
35 
 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 0 1 1 1 1 0 1 1 1 0 19 
36 
 1 0 0 1 0 0 0 1 0 1 1 1 1 0 0 0 0 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 20 
37 
 1 0 1 1 1 0 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 26 
38 
 1 0 0 1 0 0 1 1 1 1 1 1 1 1 0 1 1 0 0 0 1 1 0 0 1 0 1 0 0 0 1 0 17 
40 
 1 0 0 0 1 0 1 1 1 1 1 1 0 0 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 23 
41 
                                             
                    0 
42 
 1 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0 1 1 1 1 1 1 1 1 17 
43 
 0 0 0 1 1 1 0 1 1 1 1 1 0 1 0 1 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 16 
44 
 1 1 0 0 0 0 0 1 1 1 1 1 1 1 0 1 0 0 0 1 1 1 0 0 1 1 1 0 1 0 1 0 18 
45 
 1 1 0 0 1 0 1 1 1 1 1 1 0 0 1 0 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 24 
46 
 1 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 27 
49 
 1 0 0 1 0 0 1 1 1 1 1 1 0 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 25 
50 
 1 0 1 0 0 1 0 1 1 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 1 1 1 1 1 1 1 1 23 
51 
 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 29 
52 
 1 0 0 1 1 0 1 1 1 1 1 1 0 0 0 1 0 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1 22 
53 
 1 1 1 1 1 0 0 1 1 1 1 1 0 0 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 24 
54 
                                             
                    0 
55 
                                             
                    0 
Total 20 8 7 11 10 3 6 20 19 21 21 21 9 11 9 10 14 8 8 18 20 21 14 16 20 19 20 13 19 15 19 15 465 
% Correct 95 38 33 52 48 14 29 95 90 100 100 100 43 52 43 48 67 38 38 86 95 100 67 76 95 90 95 62 90 71 90 71 69 
APPENDIX D - Table D3 Results of module I58 
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APPENDIX D 
Table D4 – Results of module I64 
 
No  1.1.1 1.1.2 1.1.3 1.2.1 1.2.2 1.2.3 2.1.1 2.1.2 2.1.3 2.1.4 2.1.5 2.1.6 2.1.7 Tot 
27 
 0 1 1 1 1 1 0 1 1 1 1 1 0 10 
28 
 1 1 1 1 1 1 1 1 1 0 0 1 1 11 
29 
 1 1 1 1 1 1 1 0 1 1 1 1 1 12 
30 
                           0 
31 
 1 1 1 1 1 1 1 1 1 1 1 1 0 12 
32 
 1 1 0 1 1 1 0 0 1 1 1 1 1 10 
33 
 1 1 0 1 1 1 0 0 0 1 1 1 1 9 
34 
 1 1 1 1 1 1 1 1 1 1 1 1 1 13 
35 
 1 1 0 1 0 0 1 0 0 1 0 1 1 7 
36 
 1 1 1 1 1 1 1 1 0 1 1 0 1 11 
37 
 1 1 1 1 1 1 0 0 1 1 1 1 1 11 
38 
 1 1 1 1 1 1 1 1 1 1 1 1 1 13 
40 
 1 1 1 1 1 1 1 1 1 0 1 1 1 12 
41 
                           0 
42 
 1 1 0 1 1 1 1 0 0 1 1 1 1 10 
43 
 1 1 0 1 1 1 0 0 1 1 1 1 1 10 
44 
 1 1 1 1 1 1 1 1 1 1 1 1 1 13 
45 
 1 1 1 1 1 1 1 1 1 1 1 1 1 13 
46 
 1 1 1 1 1 1 1 0 1 1 0 1 1 11 
49 
 1 0 0 1 1 1 1 1 1 1 1 1 1 11 
50 
 1 0 1 1 1 1 1 1 1 1 1 1 0 11 
51 
 1 1 1 1 1 1 0 1 1 1 1 1 1 12 
52 
 1 0 0 1 0 0 1 0 1 1 1 1 0 7 
53 
 1 1 1 1 1 1 1 1 0 1 0 1 1 11 
54 
 1 1 1 1 1 1 1 1 1 1 1 1 1 13 
55 
 1 1 1 0 1 1 1 0 0 1 0 1 0 8 
Total 23 21 17 23 22 22 18 14 18 22 19 23 19 261 
% 
Correct 96 88 70.8 95.8 91.7 91.7 75 58.3 75 92 79 95.8 79.2 84 
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APPENDIX D 
Table D5 – Results of module I65 
 
No  1.1.1 1.1.2 1.1.3 1.1.4 1.1.5 1.1.6 2.1.1 2.1.2 2.1.3 2.1.4 2.2.1 2.2.2 2.2.3 2.2.4 Tot 
27 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14 
28 
                             0 
29 
 0 1 0 1 1 1 1 1 1 1 1 1 1 1 12 
30 
 1 1 0 1 0 1 1 1 0 1 1 1 1 0 10 
31 
 1 1 0 1 0 1 1 1 1 1 1 1 1 1 12 
32 
 1 1 0 1 0 1 1 1 1 1 1 1 1 1 12 
33 
 1 1 1 1 1 1 1 1 1 1 1 1 1 0 13 
34 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14 
35 
 1 1 0 0 0 1 1 1 0 1 1 1 1 0 9 
36 
 0 1 0 1 1 1 1 1 0 1 0 1 1 0 9 
37 
 0 1 1 1 0 1 1 1 0 1 1 1 1 0 10 
38 
 1 1 0 0 1 1 1 1 1 0 1 1 1 1 11 
40 
 1 1 0 1 1 1 1 1 0 1 1 1 1 1 12 
41 
                             0 
42 
 1 1 1 0 0 1 1 1 0 1 1 1 1 1 11 
43 
 1 1 1 1 1 1 1 1 0 1 0 1 1 0 11 
44 
 0 1 0 1 1 1 1 1 1 1 1 1 1 1 12 
45 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14 
46 
 1 1 0 1 0 0 1 1 0 1 1 1 1 0 9 
49 
 1 1 1 1 0 1 1 1 1 1 1 1 1 1 13 
50 
 1 1 0 1 0 1 1 1 1 1 1 1 1 1 12 
51 
 1 1 1 1 0 0 1 1 1 1 1 1 1 1 12 
52 
                             0 
53 
 0 1 0 0 0 1 1 1 0 0 1 1 1 0 7 
54 
 1 1 1 1 0 1 1 1 1 1 1 1 1 1 13 
55 
 1 1 1 0 0 1 1 1 1 0 1 1 1 1 11 
Total 18 23 11 18 10 21 23 23 14 20 21 23 23 15 263 
% 
Correct 78 100 47.8 78.3 43.5 91.3 100 100 60.9 87 91 100 100 65.2 82 
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APPENDIX D Table D6 – Results of module I66 
No  1.1.1 1.1.2 1.2.1 1.2.2 1.2.3 1.2.4 1.2.5 1.2.6 1.2.7 1.2.8  2.1.1 2.1.2 2.1.3 2.1.4 2.1.5 2.1.6 2.1.7 2.1.8 2.1.9 2.1.10 2.1.11 2.1.12 Tot 
27 
 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 20 
28 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 22 
29 
 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 20 
30 
 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 0 19 
31 
 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 0 0 18 
32 
 1 0 1 1 1 0 1 1 1 0 1 0 1 0 1 1 1 1 1 1 1 0 16 
33 
 1 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1 0 0 1 0 16 
34 
 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 19 
35 
 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 19 
36 
 1 1 0 1 1 0 1 0 1 1 1 0 0 1 0 1 1 1 1 1 1 0 15 
37 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 20 
38 
 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 0 0 17 
40 
 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 21 
41 
                                             0 
42 
 1 0 1 1 1 0 0 1 1 0 1 0 0 0 0 1 1 1 0 1 1 0 12 
43 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 20 
44 
 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 0 1 1 1 18 
45 
 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 21 
46 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 22 
49 
 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 0 1 19 
50 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 0 19 
51 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 0 19 
52 
 1 0 1 0 1 0 1 1 1 1 0 1 1 0 1 1 1 1 1 1 0 0 15 
53 
 0 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 18 
54 
                                             0 
55 
 1 1 1 0 1 0 1 1 1 1 1 0 1 0 0 0 1 1 0 0 1 0 13 
Total 23 20 22 18 23 16 23 23 21 20 23 18 22 15 21 23 22 22 13 21 19 10 438 
% Correct 96 83 91.7 75 95.8 66.7 95.8 95.8 87.5 83 96 75 91.7 62.5 87.5 95.8 91.7 91.7 54.2 87.5 79.17 41.7 83 
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APPENDIX D Table D7 – Results of module I69 
No  1.1.1 1.1.2 1.1.3 1.1.4 1.1.5 1.1.6 1.1.7 1.1.8 1.1.9 1.1.1o 1.1.11 1.1.12 2.1 2.2 2.3 2.4 2.5 2.6 Tot 
27 
 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 16 
28 
 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 16 
29 
 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 0 15 
30 
 0 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 0 14 
31 
 1 1 1 1 1 1 1 0 0 0 1 0 0 0 0 0 1 0 9 
32 
 1 1 1 1 1 1 0 1 0 0 1 1 1 1 1 1 1 0 14 
33 
 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 15 
34 
 1 1 1 1 1 1 0 0 0 0 1 0 1 0 1 0 0 0 9 
35 
 0 1 1 1 1 1 1 0 0 1 1 0 1 1 0 1 1 1 13 
36 
 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 16 
37 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 18 
38 
                                     0 
40 
 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 16 
41 
                                     0 
42 
 1 0 1 1 1 1 0 0 0 0 1 0 0 1 1 1 0 1 10 
43 
 1 1 1 1 1 1 1 0 0 0 1 1 0 1 1 1 1 0 13 
44 
                                     0 
45 
 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 1 0 14 
46 
 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 15 
49 
 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 0 1 0 14 
50 
 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 0 15 
51 
 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 1 1 14 
52 
 1 1 1 1 1 1 1 0 0 0 1 0 0 1 0 1 1 0 11 
53 
 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 16 
54 
 1 1 1 1 1 1 1 0 1 0 1 0 1 1 1 0 0 0 12 
55 
                                     0 
Total 17 21 22 22 22 22 18 11 10 13 22 12 16 19 19 14 19 6 305 
% Correct 77 95 100 100 100 100 81.8 50 45.5 59.09 100 54.55 72.7 86.4 86.4 63.6 86.4 27.3 77 
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APPENDIX D 
Table D8 – Results of module I11 
 
No  1.1 1.2.1 1.2.2 1.2.3 1.2.4 1.2.5 1.2.6 1.2.7 Tot 
27 
 0 1 1 1 1 1 1 1 7 
28 
 1 0 1 0 1 0 0 1 4 
29 
 1 1 1 0 1 1 1 1 7 
30 
 0 1 1 1 1 0 1 1 6 
31 
 1 1 1 1 0 1 1 0 6 
32 
 1 0 1 0 1 0 1 0 4 
33 
 0 1 1 0 1 1 1 1 6 
34 
 1 1 0 1 1 1 0 1 6 
35 
                 0 
36 
 1 1 1 1 1 0 1 0 6 
37 
 1 1 1 0 0 1 0 0 4 
38 
 0 1 1 0 0 1 1 0 4 
40 
 0 1 1 0 1 1 1 0 5 
41 
                 0 
42 
 1 0 0 1 1 0 0 1 4 
43 
 1 1 1 1 0 1 1 1 7 
44 
                 0 
45 
 1 1 0 1 0 1 1 1 6 
46 
 1 1 1 1 0 1 0 0 5 
49 
 1 1 1 1 1 1 1 0 7 
50 
 0 1 1 0 1 1 1 1 6 
51 
 0 1 1 1 0 1 1 1 6 
52 
 0 0 0 0 1 1 1 1 4 
53 
 1 1 1 1 0 1 1 1 7 
54 
 1 1 1 1 1 1 1 0 7 
55 
                 0 
Total 14 18 18 13 14 17 17 13 124 
% Correct 64 82 81.8 59.1 63.6 77.3 77.3 59.1 70.5 
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APPENDIX D - Table D9 – Results of module I13 
No  1.1 1.2 1.3 1.4 2.01 2.02. 2.03 2.04 2.05 2.06 2.07 2.08 2.09 2.1o 2.11 2.12 2.13 Tot 
27 
 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0 14 
28 
 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 14 
29 
 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 15 
30 
 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 15 
31 
 1 1 1 0 1 0 1 1 0 1 1 1 1 1 1 1 0 13 
32 
 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 15 
33 
 1 1 1 1 0 1 0 0 1 1 1 1 1 1 0 1 0 12 
34 
 1 1 1 0 1 1 1 1 1 1 1 1 1 0 0 1 0 13 
35 
 1 1 1 0 1 0 1 1 0 1 1 1 1 1 0 1 0 12 
36 
 1 1 1 0 1 0 0 1 1 1 1 1 1 1 1 1 0 13 
37 
 1 1 1 1 1 0 0 1 1 1 1 0 1 0 1 1 0 12 
38 
 1 0 1 1 1 0 1 0 0 0 1 1 0 0 0 1 0 8 
40 
 1 0 1 1 0 0 1 1 0 0 1 1 1 1 1 1 1 12 
41 
                                   0 
42 
 1 1 1 0 0 1 1 1 1 1 1 0 1 0 1 1 0 12 
43 
 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 0 13 
44 
                                   0 
45 
 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 16 
46 
 0 1 1 0 0 1 1 1 1 1 1 1 1 0 1 1 1 13 
49 
 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 16 
50 
 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 15 
51 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 16 
52 
 1 0 1 1 1 1 0 1 1 1 1 1 1 1 0 1 0 13 
53 
 1 1 1 1 1 0 0 0 1 1 1 1 1 0 1 1 0 12 
54 
                                   0 
55 
                                   0 
Total 21 16 22 14 17 11 16 19 17 20 22 20 21 15 15 22 6 294 
% Correct 95 73 100 63.6 77.3 50 72.7 86.4 77.3 90.91 100 90.91 95.5 68.2 68.2 100 27.3 78.6 
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APPENDIX D - Table D 10 – Results of module I16 
No  1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 1.1o 1.11 1.12 1.13 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 2.1o Tot 
27 
 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 0 1 0 0 1 1 1 1 18 
28 
                                               0 
29 
 1 0 0 0 0 0 1 1 1 1 1 0 1 1 1 0 1 0 0 0 1 1 0 12 
30 
 1 0 0 0 0 0 0 0 1 1 0 0 1 1 1 0 1 1 1 0 1 1 1 12 
31 
 1 1 0 0 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 19 
32 
 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 20 
33 
 1 1 1 0 1 1 0 1 1 1 0 0 0 0 1 1 1 0 0 0 1 1 1 14 
34 
                                               0 
35 
                                               0 
36 
 1 1 0 0 1 1 0 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 17 
37 
 1 1 0 0 1 0 1 1 1 1 1 0 0 1 1 1 1 0 0 0 0 1 0 13 
38 
 1 1 0 0 0 0 0 1 1 1 0 1 0 1 1 0 1 0 0 0 1 1 0 11 
40 
                                               0 
41 
                                               0 
42 
                                               0 
43 
 1 1 0 0 1 0 1 0 1 1 0 1 0 1 1 1 1 0 0 0 1 1 0 13 
44 
                                               0 
45 
                                               0 
46 
 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 0 0 1 1 1 1 18 
49 
 1 1 1 0 1 0 0 1 1 0 0 1 1 1 1 1 1 0 0 0 1 0 0 13 
50 
 0 1 1 0 1 1 0 1 1 1 0 0 0 0 1 1 1 0 0 0 1 1 1 13 
51 
 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 22 
52 
 0 0 1 1 1 0 1 1 1 1 1 1 0 1 1 0 1 0 0 1 1 0 1 15 
53 
 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 0 1 0 0 1 1 1 1 18 
54 
                                               0 
55 
                                               0 
Total 14 13 9 4 13 8 8 14 16 15 9 10 8 14 15 8 16 3 4 7 15 14 11 248 
% Correct 87.5 81 56.3 25 81.3 50 50 87.5 100 94 56.3 62.5 50 88 93.8 50 100 19 25 44 94 88 69 67 
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APPENDIX D - Table D 11 – Results of module I17 
No  1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 2.1o 2.11 2.12 Tot 
27 
                                           0 
28 
                                           0 
29 
 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 20 
30 
 1 1 1 1 1 1 0 1 0 1 1 1 0 1 1 1 0 1 1 1 1 17 
31 
 1 0 1 0 0 0 1 1 0 1 1 1 0 1 1 1 0 1 1 1 1 14 
32 
 1 1 1 1 1 1 1 1 0 0 1 1 0 1 1 1 0 1 1 1 1 17 
33 
                                           0 
34 
 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 20 
35 
 1 0 1 0 0 0 1 1 0 0 1 0 0 0 1 1 1 1 1 1 1 12 
36 
 1 1 1 1 1 1 1 1 0 1 1 0 0 0 1 0 0 1 1 1 1 15 
37 
 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 20 
38 
 1 0 1 0 0 0 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 15 
40 
                                           0 
41 
                                           0 
42 
                                           0 
43 
 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 0 0 1 1 1 1 17 
44 
                                           0 
45 
                                           0 
46 
 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 16 
49 
 1 0 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 18 
50 
                                           0 
51 
 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 19 
52 
 1 0 1 0 0 1 1 0 0 0 1 1 0 1 1 1 0 1 1 1 1 13 
53 
 1 1 1 1 0 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 18 
54 
                                           0 
55 
                                           0 
Total 15 9 15 11 8 11 14 14 7 10 14 11 4 11 15 13 9 15 15 15 15 251 
% Correct 100 60 100 73.3 53.3 73.3 93.3 93.3 47 67 93.3 73.3 26.7 73 100 87 60 100 100 100 100 80 
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APPENDIX D 
Table D 12 – Results of module J35 
 
No  1.1 1.2 1.3 1.4 1.5 1.6 2.1 2.2 2.3 2.4 2.5 2.6 2.7 Tot 
27 
                           0 
28 
                           0 
29 
 1 1 1 1 0 1 0 1 1 0 1 0 0 8 
30 
                           0 
31 
 1 1 1 1 1 1 1 1 1 1 1 1 1 13 
32 
 1 1 1 1 0 1 1 1 1 1 1 0 0 10 
33 
                           0 
34 
                           0 
35 
 1 1 0 0 1 1 0 1 1 0 0 0 0 6 
36 
 1 1 0 0 1 1 0 1 1 0 0 0 0 6 
37 
 1 0 1 0 1 0 1 1 1 1 1 0 1 9 
38 
                           0 
40 
                           0 
41 
                           0 
42 
                           0 
43 
 1 1 1 0 1 1 1 1 1 0 1 0 0 9 
44 
                           0 
45 
                           0 
46 
                           0 
49 
 1 1 0 1 1 0 1 0 1 0 0 0 0 6 
50 
                           0 
51 
 1 1 1 1 1 1 1 0 1 0 1 1 0 10 
52 
                           0 
53 
 1 1 1 1 1 0 1 1 1 1 1 0 1 11 
54 
                           0 
55 
                           0 
Total 10 9 7 6 8 7 7 8 10 4 7 2 3 88 
% Correct 100 90 70 60 80 70 70 80 100 40 70 20 30 68 
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APPENDIX E 
 
Table E1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Module I54(t) 
QUESTION ANALYSIS AND COGNITIVE LEVELS OF BLOOM 
QUESTION KNOWLEDGE SKILLS UNDER- APPLICATION CREATIVE TOTAL 
   STANDING  THOUGHT QUESTION 
1.1.1  1     
1.1.2 1      
1.1.3   1    
1.1.4 1      
1.1.5   1    
1.2.1  1     
1.2.2  1     
1.3  1     
1.4  1     
2.1   1    
2.2   1    
2.3  1     
2.4  1     
2.5  1     
3.1  1     
3.2  1     
3.3   1    
3.4  1     
3.5  1     
4.1  1     
4.2   1    
4.3   1    
4.4   1    
4.5    1   
TOTAL 2 13 8 1 0 24 
% 8.3 54.2 33.3 4.2 0.0 100.0 
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Table E2 
 
Module I56(t) 
QUESTION ANALYSIS AND COGNITIVE LEVELS OF BLOOM  
QUESTIO
N 
KNOWLEDG
E 
SKILL
S UNDER- 
APPLICATIO
N 
CREATIV
E TOTAL 
      
STANDIN
G   THOUGHT 
QUESTIO
N 
1.1   1         
1.2   1         
1.3 1           
1.4 1           
1.5 1           
1.6 1           
3.1   1         
3.2   1         
3.3 1           
3.4 1           
4.5 1           
3.6 1           
3.7   1         
3.8   1         
3.9 1           
3.1     1       
TOTAL 9 6 1 0 0 16 
% 56.3 37.5 6.3 0.0 0.0 100.0 
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Table E3 
 
Module I58(t) 
QUESTION ANALYSIS AND COGNITIVE LEVELS OF BLOOM  
QUESTION KNOWLEDGE SKILLS UNDER- APPLICATION CREATIVE TOTAL 
      STANDING   THOUGHT QUESTION 
1.1.1     1       
1.1.2     1       
1.1.3     1       
1.2.1     1       
1.2.2       1     
1.2.3       1     
1.2.4       1     
2.1     1       
2.2     1       
2.3     1       
2.4     1       
2.5     1       
3.1     1       
3.2       1     
3.3       1     
3.4       1     
3.5       1     
3.6.1       1     
3.6.2       1     
4.1.1     1       
4.1.2     1       
4.1.3     1       
4.2.1     1       
4.2.2     1       
4.2.3     1       
4.3.1     1       
4.3.2     1       
4.3.3     1       
4.3.4     1       
4.3.5     1       
4.3.6     1       
4.3.7     1       
TOTAL 0 0 23 9 0 32 
% 0.0 0.0 71.9 28.1 0.0 100.0 
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Table E4 
 
Module I64(t) 
QUESTION ANALYSIS AND COGNITIVE LEVELS OF BLOOM  
QUESTIO
N 
KNOWLEDG
E 
SKILL
S UNDER- 
APPLICATIO
N 
CREATIV
E TOTAL 
      
STANDIN
G   THOUGHT 
QUESTIO
N 
1.1.1   1         
1.1.2   1         
1.1.3   1         
1.2.1   1         
1.2.2   1         
1.2.3   1         
2.1.1 1           
2.1.2     1       
2.1.3     1       
2.1.4   1         
2.1.5     1       
2.1.6   1         
2.1.7     1       
TOTAL 1 8 4 0 0 13 
% 7.7 61.5 30.8 0.0 0.0 100.0 
 
 
Table E5 
 
Module I65(t) 
QUESTION ANALYSIS AND COGNITIVE LEVELS OF BLOOM  
QUESTIO
N 
KNOWLEDG
E 
SKILL
S UNDER- 
APPLICATIO
N 
CREATIV
E TOTAL 
      
STANDIN
G   THOUGHT 
QUESTIO
N 
1.1.1 1           
1.1.2 1           
1.1.3     1       
1.1.4 1           
1.1.5     1       
1.1.6     1       
2.1.1 1           
2.1.2 1           
2.1.3     1       
2.1.4   1         
2.2.1 1           
2.2.2 1           
2.2.3 1           
2.2.4     1       
TOTAL 8 1 5 0 0 14 
% 57.1 7.1 35.7 0.0 0.0 100.0 
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Table E6 
 
Module I66(t) 
QUESTION ANALYSIS AND COGNITIVE LEVELS OF BLOOM  
QUESTIO
N 
KNOWLEDG
E 
SKILL
S UNDER- 
APPLICATIO
N 
CREATIV
E TOTAL 
      
STANDIN
G   THOUGHT 
QUESTIO
N 
1.1.1 1           
1.1.2   1         
1.2.1     1       
1.2.2 1           
1.2.3 1           
1.2.4     1       
1.2.5 1           
1.2.6 1           
1.2.7 1           
1.2.8   1         
2.1.1 1           
2.1.2 1           
2.1.3 1           
2.1.4   1         
2.1.5 1           
2.1.6 1           
2.1.7 1           
2.1.8 1           
2.1.9   1         
2.1.10 1           
2.1.11   1         
2.1.12     1       
TOTAL 14 5 3 0 0 22 
% 63.6 22.7 13.6 0.0 0.0 100.0 
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Table E7 
 
Module I69(t) 
QUESTION ANALYSIS AND COGNITIVE LEVELS OF BLOOM  
QUESTIO
N 
KNOWLEDG
E 
SKILL
S UNDER- 
APPLICATIO
N 
CREATIV
E TOTAL 
      
STANDIN
G   THOUGHT 
QUESTIO
N 
1.1.1 1           
1.1.2 1           
1.1.3 1           
1.1.4 1           
1.1.5 1           
1.1.6 1           
1.1.7   1         
1.1.8     1       
1.1.9     1       
1.1.10     1       
1.1.11     1       
1.1.12     1       
2.1 1           
2.2 1           
2.3 1           
2.4 1           
2.5 1           
2.6     1       
TOTAL 11 1 6 0 0 18 
% 61.1 5.6 33.3 0.0 0.0 100.0 
 
 
Table E8 
 
Module I11(t) 
QUESTION ANALYSIS AND COGNITIVE LEVELS OF BLOOM 
QUESTIO
N 
KNOWLEDG
E 
SKILL
S UNDER- 
APPLICATIO
N 
CREATIV
E TOTAL 
   
STANDIN
G  THOUGHT 
QUESTIO
N 
1.1     1       
1.2.1 1           
1.2.2 1           
1.2.3 1           
1.2.4     1       
1.2.5 1           
1.2.6 1           
1.2.7     1       
TOTAL 5 0 3 0 0 8 
% 62.5 0.0 37.5 0.0 0.0 100.0 
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Table E9 
 
Module I13(t) 
QUESTION ANALYSIS AND COGNITIVE LEVELS OF BLOOM  
QUESTIO
N 
KNOWLEDG
E 
SKILL
S UNDER- 
APPLICATIO
N 
CREATIV
E TOTAL 
      
STANDIN
G   THOUGHT 
QUESTIO
N 
1.1 1           
1.2 1           
1.3 1           
1.4 1           
2.1 1           
2.2     1       
2.3 1           
2.4     1       
2.5 1           
2.6 1           
2.7 1           
2.8 1           
2.9     1       
2.1 1           
2.11     1       
2.12 1           
2.13     1       
TOTAL 12 0 5 0 0 17 
% 70.6 0.0 29.4 0.0 0.0 100.0 
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Table E10 
 
Module I16(t) 
QUESTION ANALYSIS AND COGNITIVE LEVELS OF BLOOM  
QUESTIO
N 
KNOWLEDG
E 
SKILL
S UNDER- 
APPLICATIO
N 
CREATIV
E TOTAL 
      
STANDIN
G   THOUGHT 
QUESTIO
N 
1.1             
1.2             
1.3             
1.4     1       
1.5             
1.6     1       
1.7     1       
1.8 1           
1.9 1           
1.10 1           
1.11     1       
1.12 1           
1.13     1       
2.1 1           
2.2 1           
2.3     1       
2.4 1           
2.5     1       
2.6     1       
2.7     1       
2.8 1           
2.9 1           
2.1     1       
TOTAL 9 0 10 0 0 19 
% 47.4 0.0 52.6 0.0 0.0 100.0 
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Table E11 
Module I17(t) 
QUESTION ANALYSIS AND COGNITIVE LEVELS OF BLOOM  
QUESTION KNOWLEDGE SKILLS UNDER- APPLICATION CREATIVE TOTAL 
      STANDING   THOUGHT QUESTION 
1.1 1           
1.2     1       
1.3 1           
1.4     1       
1.5     1       
1.6 1           
1.7 1           
1.8 1           
1.9     1       
2.1 1           
2.2 1           
2.3 1           
2.4     1       
2.5 1           
2.6 1           
2.7 1           
2.8     1       
2.9 1           
2.1 1           
2.11 1           
2.12 1           
TOTAL 15 0 6 0 0 21 
% 71.4 0.0 28.6 0.0 0.0 100.0 
 
Table E12 
Module J35(t) 
QUESTION ANALYSIS AND COGNITIVE LEVELS OF BLOOM  
QUESTIO
N 
KNOWLEDG
E 
SKILL
S UNDER- 
APPLICATIO
N 
CREATIV
E TOTAL 
      
STANDIN
G   THOUGHT 
QUESTIO
N 
1.1 1           
1.2 1           
1.3 1           
1.4 1           
1.5 1           
1.6     1       
2.1   1         
2.2     1       
2.3 1           
2.4     1       
2.5     1       
2.6     1       
2.7       1     
TOTAL 6 1 5 1 0 13 
% 46.2 7.7 38.5 7.7 0.0 100.0 
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APPENDIX F – Module test results and examination questions results of experimental group 
No 
EX 
NO I54T I56T I58T AVG I64T I65T 166T I69T AVG I11T I13T AVG I16T I17T AVG J35T I 11/03 II  11/03 TOT  
Q 
4 
Q 
6 
Q 
7 
Q 
8 Q9 
27 002 83.3 88 0 56.93 76.9 100 90.9 88.9 89.18 87.5 82.4 85 78.3 0 39.15 0 80 52 132 10 1 5 8 9 
28 006 83.3 94 59.4 78.83 84.6 0 100 88.9 68.38 50 82.4 66.2 47.8 0 23.9 0 61 26 87 4 0 1 0 2 
29 018 78.6 88 87.5 84.53 100 85.7 100 83.3 92.25 87.5 88.2 87.9 52.2 95.3 73.75 61.5 118 125 243 8 13 17 17 11 
30 031 66.7 88 56.3 70.17 46.1 71.4 86.4 77.8 70.43 75 88.3 81.7 52.2 81 66.6 0 58 33 91 0 3 1 3 0 
31 063 79.2 81 71.9 77.47 92.3 85.7 81.2 50 77.3 75 76.5 75.8 82.6 66.7 74.65 100 96 68 164 4 11 8 5 5 
32 064 90.9 75 75 80.3 76.9 85.7 72.7 77.8 78.28 50 88.2 69.1 86.9 81 83.95 76.9 81 49 130 3 2 9 8 2 
33 067 58.3 94 71.9 74.67 69.2 92.9 72.7 83.3 79.53 75 70.6 72.8 60.9 0 30.45 0 36 19 55 4 2 0 0 1 
34 072 79.2 69 62.5 70.17 100 0 86.4 50 59.1 75 76.5 75.8 34.8 95.2 65 0 51 33 84 0 0 6 0 4 
35 075 25 56 59.4 46.9 53.9 64.3 86.4 72.2 69.2 37.5 70.6 54.1 30.4 57.1 43.75 46.2 72 64 136 5 10 8 1 1 
36 076 54.1 63 62.5 59.7 84.6 64.3 68.2 88.9 76.5 75 76.5 75.8 73.9 71.4 72.65 83.3 49 51 100 3 5 5 3 1 
37 082 58.3 94 81.3 77.8 84.6 71.4 90.9 100 86.73 50 70.6 60.3 56.5 95.2 75.85 69.3 70 68 138 6 17 6 5 5 
38 112 0 88 53.1 46.87 100 78.6 77.3 0 63.98 50 47.1 48.6 47.8 71.4 59.6 0 92 84 176 5 11 10 6 3 
40 119 87.5 50 71.9 69.8 92.3 85.7 95.5 88.9 90.6 62.5 70.6 66.6 0 0 0 0 68 46 114 4 7 3 0 0 
41 128 25 0 28.6 17.87 0 0 50 0 12.5 0 0 0 0 0 0 0 61 57 118 6 6 4 4 1 
42 136 41.7 38 53.1 44.1 76.9 78.6 54.5 55.6 66.4 50 75.6 62.8 17.4 52.4 34.9 0 39 33 72 3 1 0 0 4 
43 141 75 69 52.6 65.47 76.9 78.6 90.9 72.2 79.65 87.5 76.5 82 56.5 80.9 68.7 69.2 49 37 86 4 0 7 1 0 
44 146 70.8 56 56.3 61.13 100 85.7 81.8 0 66.88 0 0 0 0 0 0 0 76 33 109 5 2 6 0 5 
45 154 54.2 88 75 72.23 0 100 95.5 77.8 68.33 75 94.1 84.6 0 0 0 0 89 76 165 6 10 9 6 10 
46 171 11.1 100 84.4 65.17 100 64.3 100 83.3 86.9 62.5 76.5 69.5 78.3 76.1 77.2 0 97 64 161 5 7 7 7 6 
49 209 62.5 100 78.1 80.2 84.6 92.7 86.4 77.8 85.38 87.5 94.1 90.8 56.5 85.7 71.1 46.2 95 79 174 7 3 9 7 3 
50 212 83.3 88 71.9 80.9 84.6 85.7 86.4 83.3 85 75 88.4 81.7 56.5 0 28.25 0 84 63 147 0 7 9 10 10 
51 214 100 100 90.6 96.87 92.3 85.7 95.5 77.8 87.83 75 94.1 84.6 95.7 90.5 93.1 76.9 52 49 101 4 6 6 6 4 
52 215 83.3 75 68.8 75.7 53.9 0 68.2 61.1 45.8 50 74.5 62.3 65.2 61.9 63.55 0 68 44 112 4 4 4 6 6 
53 217 79.2 75 75 76.4 84.6 50 81.8 88.9 76.33 87.5 70.6 79.1 78.3 85.7 82 84.6 70 70 140 9 3 10 5 2 
54 219 12.5 56 0 22.93 100 92.9 0 75 66.98 87.5 0 43.8 0 0 0 0 44 31 75 2 2 2 2 4 
55 135 58.3 81 0 46.53 61.5 78.6 59.1 0 49.8 25 0 12.5 0 0 0 0 24 20 44 0 0 2 0 4 
  AVE 61.6 75 59.5 65.37 76 68.4 79.2 65.49 72.28 62 66.7 64.3 46.5 48 47.23 71.4 68.462 52.8462 121 4 5.1 5.9 4 4 
  
                      
  
          45.641 35.2308 40 39 30 35 25 28.5 
No The number of the learner in the Master Maths programme 
Modules Master Maths modules used in this table have either an I or J prefix 
Q Questions taken from the National November 2003 Paper II have a Q as prefix 
AVG Average of specified modules 
TOT Total of both paper I & II of November 2003. 
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APPENDIX H: Examination question results of the control group. 
 
Ref. no Nov I Nov II 
Nov 
ToT Q4 Q6 Q7 Q8 Q9 
118 114 86 200 4 13 11 9 4 
132 52 40 92 5 1 6 2 1 
51 75 45 120 4 3 0 3 3 
86 25 28 53 0 1 1 0 5 
131 34 32 66 4 2 4 5 0 
167 53 49 102 1 4 1 7 4 
186 75 47 122 6 1 2 5 3 
49 56 40 96 2 1 5 2 2 
177 13 14 27 0 2 3 1 1 
87 9 9 18 0 1 0 0 0 
127 49 28 77 0 0 0 0 4 
172 22 32 54 3 2 3 3 2 
143 33 13 46 0 0 2 0 1 
35 72 31 103 0 3 0 0 6 
108 52 22 74 0 2 1 0 0 
190 41 18 59 2 0 0 0 2 
13 28 20 48 3 0 2 2 1 
17 54 20 74 0 0 1 0 1 
152 44 29 73 0 1 1 0 0 
59 33 26 59 0 0 4 3 1 
169 104 64 168 0 11 2 9 5 
55 48 39 87 0 0 4 0 7 
170 66 28 94 4 1 1 3 1 
129 64 22 86 1 0 0 0 4 
88 89 64 153 5 5 5 12 4 
160 81 72 153 6 11 9 4 4 
Total  1386 918 2304 50 65 68 70 66 
 % 35.5 23.5 29.5 17.5 14.7 15.4 15.8 19.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
